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The above formula, recently 
developed with an assist from 
Instron, enables rheologists to 
predict, with accuracy, the complex linear viscoelastic 
properties of certain polymers from simple stress-strain 
data. For example, it is possible to calculate stress- 
relaxation modulus from a simple tension test. 

The equation itself was none of our doing, of course. 
(For details on how the equation was developed, see 
below.) But we can point with pride to the fact that 


The Instron’s servo-controlled testing speed was extremely useful in the test. The constant 
crosshead speed imposed constant strain rate in the sample for elongations up to 150%. 
Unique extension-recording system of the Instron made it possible to measure strain 
accurately without extensometers. 


For advanced instrumentation 


in stress-strain behavior look to 


er 


ENGINEERING CORPORATION 
2506 Washington Street, Canton, Massachusetts 


OR HOW TO PREDICT VISCOELASTIC the universal tester which fur- 
BEHAVIOR FROM SIMPLE STRESS-STRAIN DATA "shed the stress-strain criteria 


used in the study of the applica- 
bility of the new formula to polymeric material bears 
the Instron name. 


Stress-strain data reduced to unit strain rate Stress-relaxation modulus derived 
at 298°K. from stress-strain data compared with 
experimental data of Catsiff and 
Tobolsky 
When accuracy is paramount, it is the Instron that is 
often chosen to provide the standards... proof that 
you can do more with an Instron. If you have any 
oblem at all related to materials 
woblem at all related t t | 
testing, write for the Instron catalogue. 
Also available: our ever-growing lib- 
rary of articles on advanced testing 
techniques, covering many fields. 
Yours for the asking — just mention 
vour particular field of interest. 
‘ 
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How the formula was used: Samples of synthetic non-crossed linked rubber 


were tested 
at 10 temperatures between —54° and 85°C. and at constant strain rates between 0.014 
and 0.104 x 10-* sec-' on the Instron Universal Tester. Stress-strain data were reduced 
mathematically to unit strain rate to yield a single curve for each temperature, Curves 
were then superposed to determine temperature dependence of viscosity, then all data up 
to 100% elongation were reduced to a single stress-strain curve accurately predicting 
viscoelastic behavior over nine decades of reduced time. It was shown that stress-relaxation 
modulus could be calculated satisfactorily from the reduced stress-strain curve. 
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The Instron comes in various models and sizes to suit the widest 
applications for use under all test conditions. 


Shown: Floor Model — load ranges from 2 grams to 10,000 Ibs. 


Sales and service offices the world over... staffed with Instron- 
trained engineers. 
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weldme: 1 Van 
Graaff — Arnold Greene 
Testing Laboratory. 


8-Mev, 6000 r/min “‘linac” x-ray generator being built for 
Radiogr of circumferential . Lf *tomic and process equipment division, A, O. Smith Corp. 
seams of pressure with } ; 

2-Mev Van de Graaff — Foster Lf / 

Wheeler Corp. 


Radiographic Linac used for inspection of solid-fuel 
rocket motors by Thiokol Chemical Corp. PD 


“BROAD-RANGE” RADIOGRAPHY 


... to meet individual inspection requirements 


For the first time, radiographers can select — from High 
Voltage’s complete line of supervoltage and high-energy x-ray 
generators — the specific x-ray source of greatest effectiveness 
for high-speed, precise radiographic examination of thick sections, 
complex assemblies and special materials encountered in nuclear 
and defense industries. 

Standard High Voltage equipments range from 1 and 2-Mev 
Van de Graaffs — providing constant-potential, point-source 
x-rays — to variable-energy 3-15 Mev linear accelerator x-ray 
generators with outputs of thousands of roentgens per minute at 
one meter for inspecting more than 26 inches of steel or eight feet 
of solid rocket propellan.. 

All machines feature flexibility of movement through truck 
or overhead crane mounting, fine focal spot size and low capital 
cost for equipment of comparable energy range and performance. 
Advanced engineering makes possible circumferential, projection, 
stereoscopic, stroboscopic and flash radiographic techniques. For 
technical assistance and detailed radiographic equipment specifi- 
cations, write to Technical Sales. 


Reliability from experience with over 250 accelerators in the field. 


HIGH VOLTAGE ENGINEERING 


CORPORATION 
BURLINGTON, MASSACHUSETTS « U.S.A. 
APPLIED RADIATION CORPORATION HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 
WALNUT CREEK, CALIFORNIA, U. S. A. AMERSFOORT, THE NETHERLANDS 
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THERE’S A FISHER ISOTEMP’ OVEN 


designed especially for every laboratory application 


Take the Fisher General-Purpose Isotemp Oven, for Fisher Senior Isotemp Oven—more samples per batch. 
example. This superior, gravity-convection type is Four removable shelves . . . over 1000 sq. in. total area. 
ideal for moisture determinations. Also useful for drying, Fisher Senior Forced Draft Isotemp Oven—more samples, 


aging, curing, sterilizing. Maintains a constant temperature plus faster drying. Four removable shelves . . . 960 sq. in. 
within +0.5°C, from 35° to 200° C. And temperatures are total area. 


B-114 
uniform— + 1.0° C throughout, the chamber. Three remov- 
able shelves provide 430 sq. in. total area. 


Fisher Isotemp Ovens Offer All 7 Advantages: * FISHER 

Uniform Temperature ¢ High Efficiency ¢ Attractive 

Design ¢ Constant Temperatures ¢ Planned Economy 

Built-In Safety Two Simple Controls 
Write today for FREE booklet describ- 
ing the Isotemp principle and the speci- 
fications for Fisher Isotemp Ovens. 
107 Fisher Building—Pittsburgh 19, Pa. 


FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 
Boston Chicago Ft. Worth Houston New York Odessa Philadelphia Pittsburgh St. Louis Washington Montreal Toronto 


Other models . . . to fit every need: 


Fisher Forced Draft Isotemp Oven—to dry samples. faster. 
Three removable shelves . . . 400 sq. in. total area. 
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The latest development in universal testing machines. 
Exclusive features make the new Wiedemarin-Baldwin 
Mark B the pace setter in testing... exclusive positive 
guiding of the loading crosshead...universal SR-4® 
load weighing system unaffected by crosshead guiding... 
load insensitive compression table . . . standard 33” lateral 
testing dimension... a full range of accessory equipment 
for all testing requirements. 


Put the dependability, accuracy and operating ease of the 
new Mark B to work for you, in any application from 
production line quality control to unusual Research/ 
Development. Write today for our new Bulletin and get 
the full story. 


WIEDEMANN MACHINE COMPANY 
GULPH ROAD e KING OF PRUSSIA, PENNSYLVANIA 


WIEREMANK 
BALDWIN. 


Sales Offices: Mount Vernon, N. Y.; Silver Spring, Md.; Pittsburgh; Chicago; San Francisco; in Canada: Peacock Bros., Montreal 
FOR FURTHER INFORMATION CIRCLE 927 ON READER SERVICE CARD 
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In This Issue... 


Very-low-temperature testing of materials is a fast-growing activity stimulated 
by the use of cryogenic rocket propellants and by the need for basic studies 
of flow and fracture. Highly specialized equipment is required..........87,95 


Impact testing of material from thin sections such as rocket motor casings re- 
quires a miniature specimen. However, there is a linear relationship be- 
tween test results from standard-size and miniature Charpy specimens. ..... 


Thickness of floor coverings is an important measurement used in research, test- 
ing, specifications, and quality control. No significant difference is seen in 
thickness measured optically and by the dial micrometer. 


Stress-rupture tests of type 304 stainless steel at 1350 F and 13,500 psi give 
a life to rupture of 100 hr with a standard deviation of 20 hr. ............ 


Stress-corrosion cracking resistance of copper alloys can be measured by 


Water in jet fuels in small amounts (ppm) can be determined by this new method 
that appears to have distinct advantages over existing methods that use a 


Water vapor transmission test (ASTM Methods C 355) is believed satisfac- 
tory, but laboratory equipment and techniques need to be improved....... 


Reinforced plastics are finding wide use in nose cones and rocket motor casings 
and nozzles, offer unusual design opportunities, but serious problems re- 
main in quality control and testing. 


COVER PHOTO: 


FABRICATION UNDER INERT ATMOSPHERE 


Operator at controls of rolling mill in inert fabrication 
room at Universal Cyclops Steel Corp. Twelfth ASTM 
Photographic Exhibit. Third prize, black and white— 
technique. D. J. Reitmeyer, Universal Cyclops Steel 
Corp., Bridgeville, Pa. 
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SPECIMEN DIMENSION COMPENSATOR 


for reading unit stress... 
on Scott Model CRE Testers and 
Scott ACCR-O-METER Conversion Kits 


Here at last is a fast, simple and accurate way to obtain 
test results of unit tensile strength direct in psi, kgs/cm’, 
or other selected bases, over a wide range of dimensional 
variations compatible with the test capacities of your Scott 
Tensile Tester! 


This new Scott SPECIMEN DIMENSION COMPENSATOR 
automatically adjusts test recordings for dimensional 
changes in specimen thickness, width, diameter, or cross- 
section. And a turn of the dial does it! The operator merely 
sets the dial control (standard dial has 20 steps) to the 
measured variable of the specimen before making the test. 
Any practical psi range may be furnished. Compensator, to- 
gether with push-button Range Selector, provides multi-psi 
ranges in ratios of 1, .5, .2, .1 and .05. 


Write for complete details on the new Scott SPECIMEN 
DIMENSION COMPENSATOR . .. and other optional acces- 
sories available for your Scott Model CRE or ACCR-O-METER 
testing equipment. 


NOW! 
DIRECT PSI 
READINGS FOR 
TENSILE TESTING 


SCOTT TESTERS 


TYPICAL TEST OF DUMBBELL TYPE SPECIMEN 
Direct chart reading through automatic psi calibration with 
new Scott SPECIMEN DIMENSION COMPENSATOR pro- 
vides instant data in the form desired. Steps in chart indi- 
cate specific points of elongation. 


BIG BOON FOR USERS OF 
SCOTT MODEL CRE. 


The new Specimen Dimension Compensator 
is another reason why the Scott Model CRE 
Tester offers so much testing versatility for 
the money. Its many operating advantages pay 
off in more tests per hour per dollar: 

1. Electronic inertialless weighing 

2. “Picturized” strip chart recording 

3. Push-button control-panel operation 
4. Low-cost method for change test range 
5. Quick-change clamps 

More and more research, development, and 
quality-control departrnents are relying on the 
Mode! CRE to fill their physical testing needs. 
Details? Ask for CRE Brochure! 


‘ 


Scott Testers, Inc. 
120 Biackstone Street 
Providence, Rhode Island 


Phone: DExter 1-5650, Area Code 401 
FOR FURTHER INFORMATION CIRCLE 928 ON READER SERVICE CARD 


THE SURE TEST...SCOTT! 
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Cryostat and Accessories for Tension Testing 


at — 423 F 


By J. F. WATSON and J. L. CHRISTIAN 


= USE OF CRYOGENIC 


propellants in present and proposed 
missiles and spacecraft, and the low 
temperatures encountered under cer- 
tain conditions in outer space has inten- 
sified the interest in mechanical proper- 
ties of engineering materials at —423 F. 
Consequently, an apparatus capable of 
generating mechanical property data on 
a large variety of materials at —423 F 
has been constructed, and has proved to 
be safe, accurate, and = rapid. The 
cryostat and its accessorics constitute an 
integral piece of apparatus with the 
following features: rapidity of testing, 
accommodation of large-size specimens, 
flexibility for testing of different mate- 
rials at several temperatures, and safety. 

Rapidity of testing (without the 
sacrifice of precision) was a design fea- 
ture incorporated into the equipment 
since data were desired on a large num- 
ber of specimens in smooth, notched, 
and welded configurations. aver- 
age of six but as many as ten specimens 
have been tension tested in liquid hy- 
drogen during an S-hour day. The 
maximum error in load was 2 per cent. 
The apparatus was designed for testing 
sheet specimens 9 in. long by 13 in. 
wide, but is also capable of testing sheet 
specimens as large as 18 in. long by 6 in, 
wide. In addition to the testing of a 


large variety of materials (for example, - 


very high-strength sheet metal, solders, 
plastic laminates, seals, ceramics, ther- 
mal insulations, etc.) the equipment can 
use other cryogenic liquids as coolants 
for tests at other temperatures. Also, 
tests can be made at room and elevated 
temperatures without removing the 
boldface numbers parentheses 
refer to the list of references appended to this 
paper. 
NOTE—DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention of the author or authors. Ad- 


dress all communications to ASTM Head 
quarters, 1916 Race St., Philadelphia 3, Pa. 


February 1961 


An apparatus using liquid hydrogen as a coolant has been designed, 
constructed, and used to determine the mechanical properties of various 
materials at —423 F. Attributes of the equipment are: rapidity of test- 
ing; accommodation of large-size specimens; flexibility for testing 
different materials at several temperatures; and safety features. The 
accessories include a liquid-level indicator, thermocouples, heater, and 
an extensometer designed for low-temperature use. Safety features, 
sequence of operation, and performance data are reported. 


crvostat from the tension testing ma- Description of Apparatus 
chine. The use of liquid helium as a 
coolant (1)' was prohibited by severe 
limitations on specimen size and the 
cost and availability of liquid helium for 
a large testing program. 

Since safety is of prime importance 
for any installation using hydrogen, es- 
sential safety features were designed 
into the apparatus, and a sequence of 
operations was established which 
lowed a maximum of safety combined 
with a minimum testing time. 


Figure 1 shows a diagrammatic view 
of the cryostat and accessories including 
a liquid level indicator, thermocouples, 
heater element, and extensometer. 
Some of these accessories have been 
used previously (1-4). The apparatus 
is used in conjunction with a 50,000-lb. 
Baldwin-Emery SR-4 tension testing 
machine, type FGT, complete with a 
stress-strain recorder and strain pacer. 
Larger loads are not recommended be- 


JAMES F. WATSON, senior research engineer, Materials 
Research Group, Convair-Astronautics, San Diego, Calif., 
received his Ph.D. in metallurgical engineering from the 
University of Michigan in 1958. His recent interests at 
Convair have been in the properties of materials at very low 


Se. temperatures and the development of certain titanium alloys 
3 in the welded joint configuration. He is the Convair repre- 
{ sentative to the Aerospace Research and Testing Committee 


of the Aerospace Industries Assn. 


JACK L. CHRISTIAN, engineering metallurgist, Materials 
Research Group, Convair-Astronautics, San Diego, Calif., 
received his M.S. in metallurgy from Iowa State College in 
1958. His work at Convair has been concerned with me- 
chanical properties of materials at cryogenic temperatures 
and the handling and use of cryogenic liquids. He has 
earlier experience in the preparation and analysis of alloys, 
X-ray diffraction, and metallography. 
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cause of excessive elastic ‘ 
which occurs at fracture. 

AISI type 321 stainless steel was 
chosen for construction of the cryostat, 
pull rods, and grips because of its 
stability, good strength and ductility at 
low temperatures, low thermal conduc- 
tivity, and good corrosion resistance and 
weldability (5, 6). 

The liquid hydrogen chamber was 
insulated successively by a concentric 
vacuum space, a liquid nitrogen bath, 
and foamed polyurethane insulation, 
which was glued to the nitrogen con- 
tainer to prevent air condensing on the 
foamed polyurethane. The test cham- 
bers containing the liquid hydrogen, 
vacuum jacket, and liquid nitrogen 
jacket were made from 0.125-in.-thick 
seamless tubing with 6.5, 9.5, and 11.0 
in. outside diameters, respectively. 
Joining was performed by welding, and 
each chamber was vacuum checked for 
leaks during assembly. 


spring back” 


The hydrogen test chamber is 24 in. 
deep with an inside diameter of 6.25 
in. and, though designed primarily to 
test sheet specimens 9 by 14 in., is 
capable of testing either smaller or 
larger specimens. A vacuum jacket 
25 in. deep by 9.5 in. outside diameter 
surrounds the sides and bottom of the 
test chamber and is itself enclosed by a 
liquid nitrogen jacket. The liquid 
nitrogen jacket is covered with foamed 
polyurethane. Over-all dimensions of 
the cryostat including the lid are 28} 
by ll in. Oversize ports for the 3-in. 
diameter pull rods were welded through 
the bottom of the chambers and the lid. 
O-ring seals at the top and bottom of 
each port were machined from Teflon, 
as were all other seals in the apparatus. 
Teflon was chosen for its stability and 
strength at very low temperatures, ease 
of fabrication, and low thermal con- 
ductivity (7). 

A gastight fit of the lid is accom- 
plished by mechanical clamps, which 
make a pressure fit against a Teflon 
O-ring seal and the hydrogen chamber. 
The lid assembly contains a port for the 
pull rod, a fill line, an exhaust line, and 
a hole for the extensometer probe, each 
welded into place and fitted with a gas- 
tight Teflon seal. 

Owing to the poor visibility and lack 
of space in the test chamber, special 
pin grips were designed for loading and 
removing specimens. The lock pin 
within the grip is moved into position by 
means of a socket wrench on a handle 
which extends above the chamber. 
This allows loading and unloading of 
specimens with a minimum of handling 
inside the test chamber. 

The cryostat is supported by adjust- 
able legs which are bolted to the table 
of the testing machine. Alignment of 
the cryostat on the testing machine to 
assure an axial-load on the specimen is 


performed by adjustment of the legs. 
Removal and subsequent alignment of 
the cryostat was held to a minimum by 
leaving sufficient space between the top 
of the test chamber and the head of the 
testing machine (36 in.) to enable 
room- or elevated-temperature testing 
to be performed above the cryostat. 
This method has been and is currently 


Boil- off Puil 
Exhaust Rods 
Vent 
/ Extensometers 
Hold Down 
Clamps 
Vacuum 
Attachment \ 
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Liquid Level 
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Liquid 
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Jacket \ 
~ 
“2 
\ 
if Heater f Liquid 
Level 
Indicator 
Support Foamed 
Assembly Polyurethane 
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Black Areas Indicate Teflon Seals 


Fig. 1.—Diagrammatic view of cryostat 
and accessories. 


in use for room-temperature testing and 
has been satisfactory. The complete 
assembly is wrapped with foamed 
polyurethane insulation to further pre- 
vent boil-off of the cryogenic liquids 
and to prevent excessive condensation 
of water vapor on the surface of the 
liquid nitrogen jacket. The _ poly- 
urethane was glued to the nitrogen 
container with an epoxy resin to prevent 
air from condensing on the poly- 
urethane. This precaution was nec- 
essary because liquid air in contact with 
polyurethane is known to be impact- 
sensitive. As a further safety measure 
the polyurethane was sprayed with a 
flameproof solution after it was glued 
in place. 

Temperature measurement is ac- 
complished by copper-constantan 
thermocouples, which have been used 
successfully at low temperatures (8-10). 
They are readily attached to any part 
of the specimen, are fine enough to 
minimize heat leaks, easily constructed 
or replaced, and simple to use. Each 
thermocouple was calibrated at room 
temperature (78 F) in liquid nitrogen, 


liquid hydrogen, and liquid helium with 
a distilled water and ice-cold junction, 
and in liquid helium and liquid hydrogen 
with a liquid nitrogen cold junction. 
Voltage readings were taken from Leeds 
and Northrop type K and type K3 po- 
tentiometers. In practice, the continu- 
ous use of a liquid nitrogen reference 
junction permits an accuracy of readings 
that was determined to be +2 F at 
—423 F, which was adequate for this 
purpose. Greater accuracy can be 
obtained with this system, if required, 
by controlling the purity of the liquid 
nitrogen cold junction, using a more 
sensitive potentiometer, etc. 

An immersion-type heater element is 
used to remove the liquid hydrogen 
upon completion of a tension test. The 
heater is composed of a 110-v, 750-w 
resistance element 32 in. long which is 
insulated and completely enclosed by 
a 48 in. copper tube. For safety reasons 
no live parts are exposed and the lead-in 
wires are Teflon coated and enclosed in a 
plastic tube. A heater was chosen over 
other means of removing liquid hydrogen 
because it permits rapid testing, is simple 
in design and easy to use, and allows for 
greater safety. 


25.2V 
15 
AC amp| 
Y 
250ut 
270 $2 
He H2 3002 
IK) Ho 
3K 
+ L3K 
"0.20002 
0-2000 
Select_, 
Switch 5002 
Resistors 
Watt +10 26Gage Inserted in 
per cent Tefion Rigid Plastic 
Composition Insulated Tube 
Copper Wire 


Fig. 2—Schematic of electrical circuitry 
for liquid level indicator. 


Figure 2 shows a circuit diagram for 
the liquid level indicator. The device 
consists of a vertical string of carbon 
resistors, wired so that each resistor 
can be placed successively in one leg of 
a balanced Wheatstone bridge. As 
each resistor is successively immersed 
during filling, its resistance changes, and 
creates an unbalance in the bridge, 
which is monitored on an ammeter 
connected across the bridge. Auxiliary 
circuits containing the proper resistances 
are provided so that immersion in either 
liquid helium, hydrogen, or nitrogen 
will register as full-scale deflection. 
A liquid level sensor using much the 
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same circuitry has been described by 
Scott (11). 

The liquid level sensor consists of 
nine resistors wired with 26-gage Teflon 
coated copper wire. The resistors are 
1000-ohm, tw + 10 per cent which 
were stabilized by cycling between 
room temperature and —423 F and se- 
lected on a basis of uniformity. For 
protection from damage the wiring was 
wrapped with masking tape, and the 
sensor was inserted in a rigid plastic 
tube with holes cut at each resistor to 
allow physical contact with the liquid. 
The sensor was firmly attached to the 
inside wall of the hydrogen test chamber 
with resistors positioned at measured 
points from the bottom to the top of the 
chamber. 

The extensometer used to measure 
strain in the gage length of the specimen 
uses two knife edges clamped to the 
specimen. The knife edges are at- 
tached to tubes extending outside the 
liquid hydrogen chamber. Thus strain 
in the specimen results in differential 
movement of the two tubes which pro- 
trude above the cryostat. This dif- 
ferential movement, which is propor- 
tional to strain, is used as the input 
(through a lever), to a differential- 
transformer-type transducer. The out- 
put of this transducer is an electrical 
signal which is used to control the 
abscissa (strain axis) of an automatic 
recorder that produces a continuous 
stress-strain curve. 

Figure 3 shows how both the exten- 
sion tubes and transducer are attached 
to a frame and connected to each other 
through a lever system in such a way 
that differential movement of the tubes 
(which is proportional to strain) is 
transmitted to the transducer as a move- 
ment of the core of the transformer. 
This movement of the armature core 
yields an output voltage which is pro- 
portional to strain. 

The knife edges are attached to the 
specimen with the help of a precision 
gage block which insures that the knife 
edges are parallel and separated by the 
gage length desired (2 in. in this case). 
The extensometer is designed to with- 
stand severe shock so that strain can be 
recorded until specimen fracture, or in 
the case of premature fracture of brittle 
specimens, without damaging the equip- 
ment. The sensitivity of the extensom- 
eter system is 0.0001 in. The ex- 
tensometers as well as the strain pacer, 
stress-strain recorder, and the load 
cells are periodically standardized and 
their accuracy checked, 


Sequence of Operations and 
Performance 

In performing a tension test at 
—423 F the following sequence of 
operations is used. The extensometer 
clamps are attached to the specimen, 
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LEVER ARM PIVOT 


LEVER ARM 


TEST SPECIMEN 


PIVOT PIN 


FRAME 
PIVOT 
PIN 


ELECTRICAL CONNECTION 


EXTENSION TUBE 


1 UPPER CLAMP | 
EXTENSION ROD 


LOWER CLAMP 


Fig. 3—Assembly view of extensometer and clamps. 


and the specimen is loaded into the 
hydrogen chamber. The chamber lid, 
supported on the upper pull rod, is 
lowered into place, and the extensometer 
is inserted (through a hole in the lid) 
into the clamps. After proper posi- 
tioning the lid is clamped in an airtight 
fit. A continuous purge of helium gas 
through the extensometer tubes pre- 
vents freezing and eliminates the escape 
of hydrogen gas. A partial vacuum 
of 25 to 40 uw is pulled on the vacuum 
insulation chamber at room tempera- 
ture. After precooling at —320 F the 
partial vacuum is about 3 to 5 uw and 
less during operation at —423 F. 

Precooling to — 320 F is accomplished 
by putting liquid nitrogen in both the 
inner chamber and the liquid nitrogen 
chamber of the cryostat. It was found 
that one precooling was enough to main- 
tain control of liquid hydrogen boil-off 
for an 8-hr period. Total boil-off of the 
excess liquid nitrogen in the hydrogen 
chamber is accomplished by the heater 
element and is monitored by the liquid 
level indicator and bottom thermocouple. 
Transfer of the liquid hydrogen through 
a vacuum-insulated transfer tube is 
accomplished by pressurization with 
helium gas. Total immersion of the 
specimen is indicated by the liquid 
level indicator, and a copper-constantan 
thermocouple indicates when the speci- 
men reaches — 423 F. 

The extensometer is properly adjusted 
and the specimen is then loaded in 
tension at a strain rate of 0.00l1-in. 
per in. per min (indicated by strain 
pacer) until 0.2 per cent offset yield 


occurs. The extensometer is then re- 
moved, the hole corked, and the helium 
gas purge shut off. The specimen is 
then tested until fracture. The transfer 
tube is then removed and the excess 
liquid hydrogen is boiled off and ex- 
hausted through a roof blower. 

Nitrogen gas is flushed through the 
chamber until the temperature is above 
— 300 F (boiling point of liquid oxygen), 
the lid is removed, and the specimen is 
unloaded. Ice deposits on the cryostat 
pull rods are removed by compressed 
air. Further runs not require 
liquid nitrogen precooling, so additional 
specimens are immediately loaded and 
immersed in liquid hydrogen. 

The average time required for a 
typical run is 40 min—4 min for loading; 
4 min for filling with liquid hydrogen; 
10 min for temperature measurement, 
extensometer adjustment, cool- 
down of specimens; 12 min for fractur- 
ing the specimen; 6 min for boil-off 
and purge; and 4 min for unloading. 

Hydrogen consumption is about 12 
liters per test. Of this amount, 4 liters 
are used in cooldown of transfer lines, 
pullrods, cryostat, and test specimen 
from —320 F to —423 F, and 8 liters 
are used to cover the specimen during 
testing. Once the equipment is cooled 
to —423 F and the specimen is im- 
mersed in liquid hydrogen, no further 
addition of liquid hydrogen is required 
for the remainder of the test, which may 
last as long as 10 min. 

For safety reasons a maximum of 50 
liters of hydrogen is allowed in the 
laboratory at any one time and then 
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TABLE I.—TENSILE PROPERTIES OF 5154-H38 ALUMINUM ALLOY.¢ 


Notch 
Ultimate Butt Weld 
Tempera- Direction? Yield Ultimate Elongation, Tensile Notch to Ultimate Weld Joint 
ture, Strength, psi¢ Tensile per cent Strength, psi Unnotch Tensile Elongation, Efficiency 
deg Fahr Strength, psi (Kt = 6.3)¢4 Ratio Strength, psi per cent per cent 
+78 Longitudinal 40200 + 200 47600 + 200 9 49 500 + 100 1.04 35 700 + 1 000 3 75 
+78 ransverse 40 600 + 100 49200 + 100 14 54000 + 0 1.10 35 100 + 0 3 71 
— 320 Longitudinal 47100 + 300 66200 + 300 30 64 300 + 100 0.97 55 300 + 400 7 S4 
— 320 Transverse 47 100 + 300 63600 + 200 30 66 100 + 100 1.04 53 800 + 0 7 S5 
— 423 Longitudinal 54000 + 600 93500 + 400 35 77 600 = 1 100 0.83 75 800 + 1500 11 Sl 
— 423. Transverse 56 500 + 500 91000 + 200 38 77 200 + 600 0.85 74 700 + 300 13 82 


@ Longitudinal and transverse data represent the average and 


> Longitudinal direction is parallel to the rolling direction. 


© Yield strength at 0.2 per cent offset. 
@ Stress concentration factor, 


only under proper ventilation. Elec- 
trical wiring, exhaust fans, laboratory 
equipment, and tools are sparkproof. 
A constant vigilance for any gaseous 
hydrogen in the room is maintained by 
hydrogen analyzers. Periodic safety 
inspections of the laboratory, equip- 
ment, and personnel are made. 

Typical operational difficulties en- 
countered and their solutions were: 
freezing of gaskets on pull rods, which 
was corrected by proper tolerances ap 
use of a very thin film of oil; freezing 
of extensometer tubes, prevented by a 
helium gas purge; and excessive con- 
densation of water vapor on the equip- 
ment, which was controlled by a foamed 
polyurethane insulation. 

More than 800 tension tests have been 
made at —423 F, plus about 1000 tests 
at +78 F (room temperature), 800 
tests at —100 F (alcohol and dry ice 
mixture), and 800 tests at —320 F (in 
liquid nitrogen). The data presented 
in Table I are typical of the information 
that has been obtained on some thirty 
different metal alloys, several solders, 
adhesives, and plastic laminates (12). 
The accuracies presented in Table I 
were determined by taking an average of 
the values obtained for any one test 
condition (a minimum of three tests in 
the longitudinal direction and two tests 
in the transverse direction) and _ re- 
porting the maximum error of actual 
values from the average as + values 
(for example, 40.1, 40.1, and 40.4 would 
be reported as 40.2 + 0.2). 
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By CHARLES H. CURLL 


W..:: THE advent of 


thin-walled cylinders and tubes for 
rockets, it has become necessary to 
provide a means of impact testing ma- 
terials from such sections for Ordnance 
acceptance purposes. Because it is not 
possible to obtain standard-size Charpy 
impact specimens from thin sections, a 
correlation between the energies to 
fracture standard and subsize Charpy 
V-notch impact specimens needs to be 
established. 

This paper describes the materials 
used, the experimental work done, and 
illustrates the graphs developed. It 
further develops an analytical correla- 
tion (using a reference to the law of 
similitude’ by Sachs (1)? and the redue- 
tion of deformation) between the en- 
ergies to fracture the standard and 
subsize Charpy V-notch impact speci- 
mens. 


Materials 


Tables I, Il, and III describe the 
materials used. The class 90 steel was 
used in the as-received condition (2-in. 
thick plate, quenched and tempered— 
heat treatment not available). The 
data on the AISI 4340 and the cast steel 
were obtained from a previous investi- 
gation (2). The data on the nickel 
steel were obtained from Orner and 
Hartbower (3, 4). The AISI 4140 
steel was received as 3-in. square rod. 
The three modified steels were obtained 
as 30-lb ingots and homogenized at 
2150 F for 4 hr. The AISI steel was 
air-cooled and normalized at 1600 F 
for 4 hr, while the AISI 2340 and 4042 
steels were furnace-cooled nor- 
malized at 1650 F for 4 hr to permit 
easier removal of the riser. The as-cast 
billets were hot-worked at 2000 F to the 
following schedule: 


NOTE--DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention of the author or authors. Ad- 
dress all communications to ASTM Head 
quarters, 1916 Race St., Philadelphia 3, Pa. 


*The statements and opinions in this 
article are those of the author and do not 
necessarily indicate the views or policies of 
the Army Ordnance Corps. 

of similitude: ‘The basic values 
commonly considered responsible for the 
mechanical behavior of any material are the 
stresses. From this standpoint, both a large 
and small article, made from the same ho- 
mogenous metal and of geometrically similar 
shapes, should behave identically, that is they 
should deform geometrically in a similar 
manner if subjected to the same _ stress 
values at corresponding points’’ (reference 1). 

2The boldface numbers in parentheses 
refer to the list of references appended to this 


paper. 


February 1961 


Subsize Charpy Correlation with Standard Charpy 


To provide a means of impact acceptance testing of specimens that must 
be obtained from thin or small-diameter sections, a study was made using 
various specimen sizes, of the Charpy V-notch impact properties of alloy 
steels over a range of temperatures encompassing their transitions from 


ductile to brittle behavior. 


The test data tend to indicate a linear correlation between the energy 
required to fracture standard-size and subsize Charpy V-notch specimens 
at the normal acceptance-test temperature of —40 C. 


. Heated for 2 hr, 
2. Forged on 200-ton press to 
13-in. square bar in two reductions, 
3. Hot rolled to } by 23-in. bar stock 
in two reductions, and 
4. Air-cooled. 


The various specimen sizes (Fig. 1) 
used in this investigation were selected 
as a result of previous work by the 
author (2) with additional sizes to 
verify the theory presented in this 
paper. The specimens of AISI 4140 were 
longitudinal; all others were transverse. 
The nickel steel data obtained from 
references 3 and 4 add to the verification 
by use of a double-size specimen. 


Test Procedure 


V-notched Charpy bars of various 
sizes, ranging from double size to one- 


Y 

[js 
A > > B 


All Notch Rad in 


Fig. 1.—Specimen dimensions. 
(See table below.) 


quarter size (cross-sectional area meas- 
urement) (Fig. 1), were tested over a 
range of temperatures encompassing 
their transitions from ductile to brittle 
behavior. All specimens were broken 
in a conventional manner on a Sonntag 
impact testing machine (capacity 240 
ft-lb; pendulum velocity 16.9 ft per 
sec). Special anvils and shims were 
provided to maintain the point of impact 
at the center of percussion of the pen- 
dulum when nonstandard specimens 
were tested. For the shorter specimens, 
the normal anvil span of 1.574 in. was 
shortened to a distance of 0.787 in. 


Test Results and Discussion 

The energy-versus-temperature data 
are presented graphically in Figs. 2, 3, 
and 4. The graphs of Figs. 2(a), 2(b), 
and 3(a) were taken from reference 2. 
The curves of Fig. 4(d) were plotted 
from data obtained from the author of 
reference 4. (These data represent 
generally three tests at each tempera- 
ture with one to two tests at extremely 
low temperature.) Because the data 
at any one temperature could be either 
high or low in value, the complete 


Size, Cross- 


Dimensions, in. 


Sectional Area A B Cc D 

Standard F.S. 2.16 0.394 0.394 0.315 
Half 16 S 2.16 0.394 1.197 0.158 
Third 1g S. 1.125 0.394 0.131 0.105 
Quarter YS 2.16 0.197 0.197 0.158 
Double i a 2.16 0.788 0.394 0.315 
Half 2.16 0.197 0.394 0.315 
Third Sp... 0.131 0.394 0.315 
Ninth 0.131 0.131 0.105 


@ Subscripts denote equivalent cross-sectional area with changes in dimensions. 


CHARLES H. CURLL, chief of the Materials Properties 
Section at the Watertown Arsenal Laboratories, Watertown, 
Mass., has, since 1954, been concerned with the mechanical 
testing techniques for determining the mechanical properties 
of ferrous metals. 
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TABLE 


I.—CHEMICAL ANALYSES. 


Composition, weight per cent 


@ Analysis not made. 
> These steels were modified. 


TABLE II 


HEAT TREATMENT OF 


MATERIALS. 


They were made in 30-lb ingots at the Watertown Arsenal Melt Laboratory. 
nickel, chromium, and molybdenum contents. 


Temperat 


ure, 


rather than from the data. 


tion between the 


correlation using only one para 


Although each graph indicates a rela- 
‘arious sizes for a given 
material, the objective was to obtain a 


An investigation was made to e 
the phenomena in physical terms. 


meter. 
xplain 
Fig. 


for fracture, 
required: 


Cross- Dimensions (inches) 
Symbol section Size Depth Width Length 
Zod 2s 0.394 0.788 2.16 
a r7 F.S 0.394 0.394 2.16 
v2S 0.197 0.394 2.16 
x v3s 0.131 0.394 1.125 
a 0.197 0.197 2.16 
a 9S 0.13) 0.131 1.125 
0.394 0.197 2.16 
v \/3Sp 0.394 0.131 2.16 


40 
30 
20 


a 


6 


ise 

iok Cast Steel wr 
2 -0-0°0"G 
= O = =: 
o 
® AISI 4340 Hect Treat 
ua No. | 

60F 


Temperature, deg Cent 
Fig. 2.—Energy versus temperature, Charpy V-notch. 


(b) 

-200 -i60 -80 -40 40 80 


Material ie c F: ahr Time, hr Cooling Medium 

AISI 2 2340 M 

Normalize. 1600 2 Air cool 

Reheat 1475 2 Agitated oil quench 

Draw 1200 2 Oil quench 

AISI 3140 

Normalize 1600 2 Air cool 

Reheat 1525 2 Agitated oil quench 

Draw 1100 2 Oil quench 

Redraw 1200 2 Oil quench 

AISI 4042 M 

Normalize 1600 2 Air cool 

Reheat 1550 2 Agitated oil quench 

Draw 1000 2 Oil quench 

AISI 4140 

Normalize 1600 1 Air cool 

Reheat... 1550 1 Oil quench 

Draw 1000 j Oil quene h 
transition curves are drawn, and the en- 5 is a macrophotograph of the plastic 
ergy of fracture taken from the curve 


deformation in a Charpy V-notch im- 
pact specimen (3). 
subjected to a 30 ft-lb blow in impact 
and then heat treated to bring out the 
grain growth due to plastic deformation. 
It is obvious from the photograph that, 
additional energy 
this energy has been desig- 


The specimen was 


will be 


Material Carbon Manganese Silicon Sulfur Phosphorus’ Nickel Chromium Moly bder anadium 
AISI 2340 M?... 0.43 0.78 0.24 a a 1.78 0.07 trace 0 
AISI 3140 M?... 0.44 1.11 0.21 a a 2.56 0.96 trace 0 
AISI 4042 M?... 0.44 0.73 0.19 a a trace 0.03 0.33 0 
AISI 4140....... 0.38 0.40 0.20 0.04 0.04 a 0.80 0.15 0 

to to to to to 
0.43 0.60 0.35 1.10 0.25 0 
Class'90... 0.17 0.33 0.23 0.03 0.04 0 0.97 0.22 0.08 


Copper 


0 
0 
0 
0 


0 
0.057 


TABLE 


III. 


Material 

‘AISI 2340 M 

AISI 3140 M 

AISI 4042 M. 

AISI 4140 

AISI 4340 heat treatment 
No. 1 

AISI 4340 heat treatment 
No. 2 

Class 90 steel... 

Nickel steel 

Cast steel... 


nated the 


The modifications were 


“He ARDNESS. 


on the 


toe kwell 


Hardness 


99.0 
(C 


“rupture energy.” 


wae 


(B SCE 
(C ses 


tale) 
‘ale) 
sale) 
‘ale) 


Although 


this rupture energy is not specifically 


defined, it is known that some of this 
energy will be used in producing plastic 
deformation—especially during crack 
propagation. That is, as the crack 
progresses, there will be some de- 
formation just below the surface both 
preceding the crack extension and 


parallel to the crack. 


This energy 


1S 


very nearly proportional to the crack 


area, while the 


related to the volume 


deformation energy is 
of material de- 
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Fig. 3.—Energy versus temperature, Charpy V-notch. 
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4042 Modified 


1 


Class 90 Steel 


T 


Width 
0.394" 
0.394" 
0.394" 
0.197" 
0.131" 


Depth 
0.394" 
0.197" 
0.131" 
0.197" 
0.131" 


4340 Heat Treat No./ 
Transverse K=2/6 


4340 Heat Treat No.2 
Transverse K= 2/.6 


K= 2/6 For Ductile 
Materials 


Cast (Longitudinal) K= /2.0 


Nickel Steel 


= 


a 


For Brittle Materials 
| 


Energy Per Unit Cross-Sectional Area, ft-Ib 


03 04 05 O06 O7 O8 


160 120 80 40 
Temperature, deg Cent 


ig. 4.—Energy versus temperature, Charpy V-notch. 


Bar Depth, in. 


= Energy per unit area of subsize bar, 


Energy per unit area of standard bar, 
Area of subsize bar under notch, 

Area of standard bar under notch, 
Depth of subsize bar under notch, 
Depth of standard bar under notch, and 
Energy of rupture, 


= D, the equation reduces to: 


(% 


21.6 for ductile materials 
12.0 for brittle materials. 


Fig. 6.—Energy versus bar depth, showing relationship of rupture 
and deformation data taken from curves of Figs. 2, 3, and 4 at 


This section from a V-notch Charpy bar cut from a 0.04 per cent car- 
bon steel, was struck a 30 ft-lb blow and annealed for 45 hr at 850 C 
to promote abnormal grain growth in the plastically deformed areas. 
The specimen was subsequently sectioned, polished, and etched and 
shows the central area where little or no plastic deformation has taken 


place. 


Fig. 5.—Macrophotograph of deformation due to impact. 


formed. By separating the total en- 
ergy for fracture into deformation and 
rupture energy, and by referring to the 
law of similitude,! an explanation of the 
mechanical behavior of the Charpy 
specimen may be given. As the speci- 
men size is reduced, the volume of 
deformation will be reduced. If the 
depth dimension is reduced, the vol- 
ume of deformation will be teduced 
by the square of the depth dimension; 
but if the width dimension is reduced, 
the volume of deformation will be re- 
duced in direet proportion. Further, 
if the material is so notch-sensitive 
that a negligible deformation will re- 
sult, then the energy of fracture will be 
directly proportional to the specimen 
size. 

: Let the total energy of fracture be 
separated into rupture and deformation 
energies. 
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E = E, + Ea 
where: 


E = total energy of fracture, 
E, = energy of rupture, and 
E, = energy of deformation. 
From the law of similitude: 


For }-size specimen (Fig. 1)... 
E = 3E,+ iE. 


For }-size specimen 


For }-size specimen 


iE, 


where: FE, and E, are the rupture and 
deformation energies for a full-size 
specimen. 

The data (at —40 C) taken from the 
curves of Figs. 2(a), 2(b) and 3(a) and 
used in the above simultaneous equa- 
tions produced a rupture energy (Z,) of 
21.6 ft-lb for ductile materials and 12 


—40 C test temperature. 


ft-lb for brittle materials. The data 
(at —40 C) taken from the curves of 
Figs. 3 and 4 and used in the above 
simultaneous equations yielded reason- 
ably satisfactory results. By plotting 
the data obtained from the above 
curves, a graphical solution may be ob- 
tained (Fig. 6) which is in agreement 
with the previous simultaneous solution. 
The difference in the reduction of vol- 
ume is a measure of the degree of slope 
change. “As would be expected, the 
brittle materials have a zero slope. 

By using the curves in Fig. 6, an 
equation for the solution of the energy 
of the subsize specimen may be devel- 
oped in terms of the energy of rupture 
(designated by K in Fig. 6), the energy 
of deformation (the slope of the line), 
and the specimen dimensions: 


energy per unit area of full-size 
bar, 


energy per unit area of sub-size 
bar, 

cross-sectional area of full-size 
far below notch, 
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a = cross-sectional area of subsize 
bar below notch, 
D = depth below notch of full-size 
bar, 
d = depth below notch of subsize 
bar, and 
K = energy of rupture (= previous 
E.). 
Since: 
tana = 
a a= D 
and 
_ e\a K 
ania= d 
Then: 
E' ~ K 
D d 


which resolves to: 


d a 
the equation of energy for the subsize 
bar in terms of rupture energy, A, and 
energy of deformation, based upon the 
ratio of cross-sectional area and depth of 
the standard-size bar to the subsize bar. 
Table IV shows the agreement of the 
theoretical with the experimental re- 
sults. As would be expected, the 
notch-sensitive materials do not show 

any energy of deformation. 

The material AISI 4140, which 
appears to be a ductile material ac- 
cording to the hardness results, fits the 
correlation much better when used with 
a K value of 12 in the solution of the 
equation (based upon the data taken 
from the table). This is attributed to 
the fact that a transverse specimen 
would be in the brittle range and would 
have a full-size energy of fracture of 
approximately 13 ft-lb at —40C. 

Although Table IV is based upon the 
data taken from the curves of Figs. 
2, 3, and 4, the same theoretical and 
experimental comparison was made for 
the data taken from the averaged test 
results (at —40 C) with equally good 
results. 


Conclusion: 


1. A linear correlation has been 
shown to exist, for the materials in- 
vestigated, between the Charpy impact 
energy values for standard and selected 
subsize V-notch specimens at an ac- 
ceptance test temperature of —40 C, 
and an equation has been developed for 
calculating the energy of the subsize bar 
desired. 

2. There is a physical relationship 
for the correlation between the specimen 


TABLE IV. 


COMPARISON OF THEORETICAL VERSUS EXPERIMENTAL DATA. 


, da 
) 


retical Energy Allowable Energy of 
Material Size¢ Difference, Tolerance? Rupture, 
ft-lb K, ft-lb 
ft-lb ft-lb ft-lb 
AISI-4340, H.T. No.1, {428 22.9 22.0 £1.1 
full-size energy = 70 {4g 8 12.6 13.0 -0.4 +1.0 21.6 
ft-lb¢ 4S 11.5 12.0 0.5 +1.0 
AISI-4340, H.T. No. 2, (168 14.7 14.7 0.01 +1.0 
full-size energy = 37 (14 5 8.9 9.0 —0.1 +1.0 21.6 
ft-lb¢ 4S 7.4 8.0 ~0.6 
Cast steel, full-size, {19 8 6.0 6.0 0.0 +1.0 
energy = 12 ft-lb* Ig Ss 4.0 4.0 0.0 +1.0 12 
16S 3.0 3.0 0.0 +1.0 
AISI-2340, modified, 8S 12.9 13.5 —0.6 £1.0 
full-size energy = 30 {1,58 8.1 8.0 +0.1 +1.0 21.6 
ft-lb 6.5 7.0 —0.5 +1.0 
AISI-3140, modified, (45 8 12.6 12.0 +06 +1.0 
full-size energy = 8.0 +1.0 
28.75 ft-lb us 6.3 6.7 —0.4 +1.0 21.6 
Ig SI 8.0 0.0 +1.0 
AISI-4042, modified, [49 8 5.7 §.7 0.0 +1.0 
full-size energy = (14S 3.9 4.5 —OS8 +1.0 
11.0 ft-lb 2.9 3.0 0.1 +10 12 
1g Sp 6.5 5.5 0.0 =1.0 
Sp 3.7 4.0 —0 3 
AISI-4140, full-size (49S 10.9 11.7 +10 
energy = 31.75 ft-lb (14 8 6.2 7.5 —-13 +1.0 
5.5 6.0 -0.5 +1.0 12 
lg Sp 15.7 20.9 -5.1 +1.0 
Ig Sp 10.5 12.0 —1.5 +10 
Class 90 steel, full-size (45 8 13.7 14.5 -O.8 +10 
energy = 33.25 ft-lb (148 8.5 8.7 —0.3 +1.0 
6.8 7.5 -~0.6 +1.0 21.6 
1g Sp 16.6 17.8 —1.2 £1.0 
Lg Sp 12.7 —1.6 
Ni-steel, full-size en- {2 Sp 74.0 75.0 —1.0 +3.7 21.6 
ergy = 37 ft-lb Ls Sp 18.5 20.5 —2.0 1.0 


@ See Fig. 1. 
> Allowable tolerance: 
¢ Reference (1). 


sizes based upon the energy of rupture 
and the energy of deformation for the 
materials investigated at the acceptance 
test temperature of —40 C. 
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equation. 


+5 per cent over 20 ft-lb of energy, +1 ft-lb under 20 ft-lb of energy. 


APPENDIX 


The author obtained a copy of the 
report, “Comparison of Charpy Vee, 
Charpy U and Izod Notched-Bar 
Tests on Steel over Transition Tem- 
perature Range,” by A. W. Johnston, 
from the Mechanical Engineering Re- 
search Laboratory, East Kilbride, Glas- 
gow, Scotland. The report contained 
Charpy V-notch transition data for three 
alloy steels, each having a standard 
and a_ half-size (cross-sectional area) 
specimen. The alloy steels were desig- 
nated RSU, RLO, and TOO. 

By plotting the given data and then 
drawing in the curve (free hand), data 
were obtained for use in the developed 
From the curve, the energy 
values were taken at —40 C for the 
standard-size bar and used in the equa- 


tion. The solutions gave the following 
theoretical versus experimental results: 


Theo- Experi- 

retical mental Tolerance, 

Energy, Energy, ft-lb 
ft-lb ft-lb 


K-Value 


21 6 16.8 17.0 +10 
1 6 95 S_S +1.0 
21.6 10 1 11.3 +1.0 


These findings tend to verify the 


findings of the author for alloy steels 
and add extra support to the work- 
ability of the developed equations. 
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Tensile Cryostat for the Temperature Range 4 to 300K 


By R. M. McCLINTOCK and K. A. WARREN 


IN TENSILE 
studies on solids at very low tempera- 
tures has increased in recent years for 
many reasons. Basic studies of this 
kind are illuminating in the progress 
toward a complete theory of the flow 
and fracture of metals. At low tem- 
peratures, thermally activated proc- 
esses can be controlled so that otiver less 
energetic effects can be observed. Re- 
peated, discontinuous yielding of metals, 
for example, has been reported at 4.2 K 
by Wessel (1),! Blewitt, et al (2), and 
Hull and Rosenberg (3) in metals not 
previously suspected of having a yield 
point. Also, in order to study the full 
effect of irradiation on the mechanical 
properties of metals, tensile experiments 
must be carried out at low tempera- 
tures, since some radiation effects anneal 
out at temperatures considerably below 
room temperature. Although work of 
this nature has not yet been reported 
in the literature, the low temperatures 
at which radiation damage anneals are 
well established (4). 

In the realm of classical experiments, 
the adiabatic and the isothermal elastic 
moduli of solids are related through the 
specific heats of the materials. It would 
be helpful to have reliable isothermal 
measurements of the moduli of metals 
at low temperatures to compare with 
adiabatic measurements that have been 
made (5), and so to verify this relation- 
ship. A convenient tensile cryostat 
would be helpful here, also. 

And finally, if one must be practical, 
recent use of liquid hydrogen as a 
rocket fuel has created the need for 
design data on engineering materials 
at low temperatures. The yield 
strength, tensile strength, modulus of 
elasticity, ductility, stress-strain rela- 
tion, and even shear strengths can be 
most conveniently obtained by using 
low temperature tensile equipment. 

This paper describes a cryostat for 
use with standard tension testing ma- 
chines in conducting measurements such 
as those mentioned above on the me- 
chanical properties of solids at low 
temperatures. 

Other tensile cryostats have been 


NOTE—DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention of the author or authors. Ad- 
dress all communications to ASTM Head- 
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Design details and thermal performance of a cryostat for use with stand- 
ard tension testing equipment are presented. Temperatures between 4 and 
300 K can be obtained. Simplicity, portability, and safety with liquid 
hydrogen are stressed. Including transfer losses, approximately 2} liters 
of liquid hydrogen are used in experiments at 20 K, and approximately 3 
liters of liquid helium are used in experiments at 4 K. 


reported in the literature. Wessel (6) 
has described a cryostat for use with 
standard tension machines that was 
capable of withstanding forces of up to 
20,000 Ib, and which used about 2 liters 
of liquid helium and 25 to 30 liters of 
liquid nitrogen to perform 2 tension 
test at 4.2 K. This cryostat had an 
external source of refrigeration to obtain 
temperatures other than those of the 
boiling points of the common liquefied 
rases, and its insulating vacuum spaces 
were continuously evacuated during the 
experiment. 

Rosenberg (7) described a 
machine that could exert tension forces 
of up to 500 lb at temperatures corre- 
sponding to the boiling points of the 
liquid eryogens. He states that about 
1 liter of liquid helium was required for 
each test at 4.2 K with this machine. 

Brief descriptions of other tensile 
cryostats have been given in the litera- 
ture (8-10), from a machine of very 
small size for temperatures down to 
20 K (8) to a large machine of 60,000-Ib 
capacity down to 4.2 K (9). No men- 
tion of liquid consumption was given 
for these machines. 

The virtues of the present design are 
simplicity, portability (static vacuum 
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properties of metals and nonmetals at low temperatures and 
in the design of cryogenic equipment. He is a graduate of 
Colorado State University, 1951, with a B.S. in mechanical 


engineering. 


insulation is used), safety with the use 
of liquid hydrogen, low liquid hydrogen 
or helium consumption when these 
liquids are used, the ability to recover 
all helium gas if desired, and the ability 
to obtain any temperature in the range 
between 4 and 300 K without the use of 
external heat exchangers. The cryostat 
was designed to withstand forces of 
up to 5000 Ib. 


Design Features 


Container 

The basis of the cryostat is a standard 
commercial stainless steel Dewar vessel 
16 in. high and 5 # in. in outside diameter 
(A, Fig. 1). These cans are sturdy 
units, readily available, and their small 
size contributes greatly to the port- 
ability of the completed cryostat as 
well as to the low consumption of liquid 
hydrogen helium. The single 
Dewar is used in preference to the 
double Dewar arrangement often em- 
ployed with liquid helium in order to 
escape complexity and the associated 
vacuum problems. The sacrifice in 
thermal performance is more than 
adequately compensated by convenience 
and simplicity. 


R. M. McCLINTOCK received his M.S. degree from the 
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the Cryogenic Engineering Laboratory of the National 
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low temperatures and in the design of equipment for low- 
temperature testing. 
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The vacuum-reflective method of 
insulation with a single, floating radia- 
tion shield is retained in preference to 
multiple-layer insulation techniques 
which are becoming popular in low- 
temperature storage vessels (11). The 
steady-state thermal performance of 
multiple-layer insulations is better than 
that of the standard types, but the time 
necessary to reach equilibrium for 


about 4 in. of multiple-layer insulation 


Fig. 1.—Assembly drawing of the tensile 

cryostat. 
(the approximate thickness of the 
vacuum space in the present case) is of 
the order of 24 hr (12). Since the 
useful length of an experiment is seldom 
longer than a fraction of an hour, the 
steady-state performance of the mul- 
tiple-layer insulation would never be 
realized. 

The charcoal getter normally con- 
tained within these devices is retained 
in modified form as part of the cryostat B. 
In practice, the vacuum space is evac- 
uated by attaching any suitab!e vacuum 
pumping system to the valve C (13), 
after which the cryostat is disconnected 
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from the pumping system. The char- 
coal getter is capable of maintaining a 
satisfactorily low pressure for several 
months without re-evacuation. 


Bellows and Universal Joint 


The major modification to the stain- 
less steel can is the incorporation of 
tension linkage through the vacuum 
space at the bottom. This linkage is 
shown enlarged in Fig. 2. A stainless 
steel bellows, D, is welded to the bottom 
of the inner can to allow for tension 
specimen alignment and for thermal 
contraction. To this bellows an in- 
ternally threaded chuck, EF, is welded into 
which the tension specimen is screwed. 
The chuck is also the upper piece of a 
universal joint designed around a ball 
bearing to minimize bending loads on 


in the stack. From the data given by 
Mikesell and Scott (14), a l-in. stack of 
0.0008-in. disks compressed to a stress of 
1000 psi transmits only about 2 per cent 
of the heat transmitted by a solid rod 
of metal of the same cross-section and 
the same length. A comparison made 
solely on this basis is somewhat mis- 
leading, however, since to sustain a 
given maximum working load a solid 
structural member and a stack of disks 
would probably both be designed to 
operate near the yield stress of the 
material of which they are constructed. 
Although the data of Mikesell and Scott 
cannot be safely extrapolated into this 
region of stress to allow quantitative 
comparison, the conductivity of a highly 
stressed stack is undoubtedly a greater 
fraction than 2 per cent of that of the 


Fig. 2.—Enlarged view of the lower end of the cryostat. 


the specimen. Experience has shown 
that accurate specimen alignment is 
extremely important for satisfactory 
results with materials possessing only 
marginal ductility. 


Multiple Contact Linkage 


Below the universal joint in the 
vacuum space, force on the specimen is 
transmitted through a stack of }-mil 
stainless steel washers, F. A central 
stud connected to the universal joint 
supports the stack from below, and a 
retaining well which is welded into the 
outer can restrains the top of the stack. 
Thus the stack is placed in compression 
as tension is applied to a specimen 
within the can, and the heat conducted 
through the vacuum jacket is sub- 
stantially reduced by making use of the 
resistance to heat flow presented by the 
many contact surfaces of the washers 


solid material. The greatest part of the 
rain resulting from the use of a multiple- 
contact arrangement in the present 
application, of course, arises from the 
fact that the stack is stressed to its 
maximum design load for only a small 
portion of the time during which the 
cryostat is in use. Heat conducted 
through the stack is therefore quite 
low during the time that adjustments 
are being made preparatory to the test 
itself, and rises slowly to its maximum 
value as stress is applied to the specimen. 

To further reduce the heat conducted 
into the cryostat through the lower 
linkage, a linen-reinforced plastic con- 
tainer, G, surrounds the lower end of the 
retainer for the stacked washers at the 
outside of the can. This container 
connects with a kidney-shaped pool, H, 
through a tube so that the entire assem- 
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bly may be filled with liquid nitrogen 
to refrigerate the lower end of the stack. 
Heat conduction through the vacuum 
jacket therefore starts at 76 K instead 
of at room temperature. An epoxy 
resin adhesive is used to fasten this 
assembly in place (15), and to fasten 
other plastic parts of the cryostat cover 
together. 

The vacuum space is sealed at the 
lower end of the can by a threaded, 
flanged stud which mates with the 
internal threads of the retaining member 
for the stack of stainless steel washers. 
The flange on the stud is soft-soldered 
to the end of the retainer, and a poly- 
tetrafluoroethylene disk located between 
the upper end of this stud and the lower 
end of the stud that supports the stack 
of washers absorbs some of the shock 
produced when a specimen fractures in 
the cryostat. 

Upper Tension Rod 

A tension specimen of circular cross- 
section and threaded ends is shown in 
place in the cryostat with an extensom- 
eter attached to it, but flat specimens 
may also be accommodated with a 
simple adapter. Either the threaded 
ends of the round specimens or the 
threaded adapters which hold the flat 
specimens are screwed into the chuck, F. 
The upper tension rod, J, screws onto 
the specimen and extends beyond the 
cover of the cryostat through a sliding 
neoprene O-ring seal which allows free 
axial movement of the rod. A tita- 
nium-base alloy containing 6 per cent 
aluminum and 4 per cent vanadium 
was chosen for this tension rod on the 
basis of a figure of merit computed as 
yield strength divided by thermal con- 
ductivity. Among current commercial 
metals showing at least a little ductility 
in uniaxial tension at low temperatures, 
this alloy has the highest figure of merit, 
and so, for a given permissible load, 
minimizes heat conduction into the 
cryostat along the rod. 

Foamed Plastic Cover 

The cover of the cryostat, A, is made 
of rigid foamed polystyrene. It ex- 
tends into the can about 6 in. and comes 
down around the outside wall of the can 
the same distance. Its surface is pro- 
tected from damage by a thin-walled, 
glass-reinforced plastic tube. <A seal 
to prevent the escape of gas is provided 
between the lower end of the cover and 
a metal ring soldered to the outside of 
the Dewar by a tight-fitting garter of 
thin rubber. 

A vertical hole containing a methyl 
methacrylate tube closed at its upper 
end, L, forms the housing for the small 
plastic rod which indicates the level of 
liquid in the cryostat. The lower end 
of the indicating rod is fastened to a 
float made of polyethylenetereph- 
thalate tube of 5-mil wall thickness 
closed at the top. This float operates 
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well even in liquid hydrogen. The 
necessary adhesive joints are made with 
a filled epoxy resin adhesive (16). 

Another vertical hole in the cover, M, 
allows insertion of a metal transfer tube 
to siphon liquids into or out of the 
cryostat. After the can has been filled 
(either as it rests in place in a tension 
testing machine or at some other loca- 
tion convenient for the filling operation) 
the transfer tube is removed and the 
hole is corked. Heat conduction down 
the transfer tube is thus prevented 
during the ensuing low temperature 
experiment. 

Electrical leads with terminating 
plugs, NV, are contained within the cover 
for the extensometer, thermometers, and 
other electrical measurements that are 
to be made within the cryostat. 

To make maximum use of the heat 
that can be absorbed by the vaporized 
liquid, the evolved gas is directed to 
areas where it can intercept a con- 
siderable portion of the incoming heat. 
It is first led through an annular space, 
O, between the cover and the inner wall 
of the can where it exchanges heat with 
the wall. It is then directed to the 
center of the cover through four radial 
holes where it refrigerates the upper 
tension rod before its exit from the 
vent tube P. 

The cover also contains a depression 
in the top which can be filled with 
liquid nitrogen. Radiant con- 
ductive heat transfer to the inside of the 
cryostat through the plastic cover thus 
takes place from a surface at 76 K rather 
than ambient temperature. 


Temperature Control 


Two methods are used to attain 
desired temperatures within the cryostat 
depending upon whether experiments 
are to be conducted at the normal 
boiling temperatures of the cryogenic 
liquids or at temperatures intermediate 
to these points. When any of the 
former set of temperatures is desired, 
the cryostat is merely filled with the 
appropriate liquid so that the specimen 
is immersed, and the desired test is 
conducted. When liquid hydrogen is 
the operating medium, hydrogen gas 
from the vent is directed through a 


rubber tube to a place where it can be 
dispersed without danger of ignition. 

Since the cryostat is constructed to 
withstand negative pressures, tempera- 
tures below 4 K could in principle be 
obtained by reducing the pressure over 
liquid helium in the container with a 
suitable mechanical vacuum pump and 
a throttling valve attached to the vent 
tube. The cryostat has not been used 
in this way as yet, however. 

Temperatures above 4 K and inter- 
mediate to the normal boiling points 
of other liquids are obtained by at- 
taching a glass-reinforced plastic gas 
chamber, R, having an open bottom to 
the upper tension rod. Filling the can 
with liquid then leaves gas surrounding 
the specimen. + Power from individually 
adjustable autotransformers is supplied 
to each heater, S, on the upper and 
lower chucks as needed, and at the 
desired control temperature a dynamic 
balance is struck between the heat 
conducted to the specimen from the 
heaters and the heat removed radially 
through the gas space, the plastic wall 
of the gas chamber, and the surrounding 
liquid. 

Appropriate thermocouples, for ex- 
ample copper-constantan or the higher 
output gold-cobalt-copper (17), are 
attached to the specimen to sense 
temperature, and heat is supplied to the 
specimen by the heaters either through 
manual adjustment of the autotrans- 
formers or automatically by operation of 
a relay actuated on command of the 
thermocouple. 

Fig. 3 shows the cryostat partially 
assembled. 


Performance 


Liquid Consumption 

When used to maintain temperature 
at 20 K, for each experiment the cry- 
ostat uses about 2 liters of liquid nitro- 
gen for precooling the equipment, and 
about 2.5 liters of liquid hydrogen of 
which 1.8 liters is accounted for by the 
capacity of the cryostat, and the re- 
mainder is vaporized in transfer from the 
storage Dewar and in cooling the 
cryostat to 20 K. Since liquid hydro- 
gen is retained above the level of the 
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TABLE I.—RESULTS OF 
TEMPERATURE GRADIENT 
MEASUREMENTS. 


Temperature 
Liquid in Heater of Specimen, 
Cryostat Power, | 
at at 
Ends Center 
Nitrogen 
(76 K) 1.0 85.5 85.5 
Nitrogen 
6.1 134 127 
Hydrogen 
(20 K) 6.4 39 34 
Hydrogen 
(20 K) 12.7 59 46 
Helium 
(4 K) 4.5 9.5 8.4 


approximately 23 hr 
after filling without using the upper and 
lower liquid nitrogen reservoirs, these 
reservoirs are seldom employed when 
the cryostat is used at 20 K. 

At 4 K, about 3 liters of liquid helium 
are used for a tension test, including the 
cooling and transfer losses mentioned 
and 23 liters of liquid 


specimen for 


above, about 25 
nitrogen are required for precooling the 
cryostat and for maintaining the upper 
and lower nitrogen reservoirs. The 
level of liquid helium remains above the 
top of the specimen for 20 min. Since 
an experiment normally takes less than 
15 min, the cryostat meets its thermal 
performance requirement. 

Including the time required for pre- 
cooling with liquid nitrogen, an experi- 
ment at 4 K takes approximately 1 br 
to complete. 

Observations of the evaporation rate 
at steady state indicate that the total 
heat influx to the cryostat is 2.6 w when 
it is filled with liquid hydrogen without 
the liquid nitrogen reservoirs in opera- 
tion and approximately 1.8 w when it is 
filled with liquid helium and both liquid 
nitrogen reservoirs are operating. 
These observed heat fluxes agree well 
with initial calculations, which were 
only slightly more optimistic, and are 
reasonable for a cryostat whose thermal 
performance has been compromised by 
elimination of the liquid-nitrogen shield 
which usually surrounds liquid helium 
apparatus. 


Temperature Control 


Tests were performed in order to 
determine the temperature gradient 
existing along a tension specimen when 
the gas chamber and heater arrangement 
was used to obtain specimen tempera- 
tures between those of the boiling points 
of the common liquids. Thermocouples 
were attached to each end and to the 
middle of an Invar specimen with two 
wraps of plastic electrical tape. Meas- 
urements were made of the tempera- 
ture at these points for various amounts 
of power supplied to the heaters. The 
results are given in Table I. As one 
would expect, specimen temperatures 


just a few degrees above that of the 
liquid in the cryostat are accompanied 
by only slight temperature gradients 
along the specimen, whereas higher 
temperatures result in larger gradients. 
The Invar specimen used for these 
measurements presents about the worst 
case of temperature uniformity because 
of its low thermal conductivity. Other 
materials of higher conductivity would 
undoubtedly have a more uniform tem- 
perature, but in any event, the situa- 
tion could be improved even for the 
poor conductors if desired, by wrapping 
insulating material on the specimen or 


Fig. 4._-The tensile cryostat in use at low 
temperature. 


by partially filling the gas chamber with 
loose glass wool to reduce convection. 

Table I also indicates a noticeable 
difference in the heat required to main- 
tain a given temperature difference be- 
tween specimen and liquid bath for the 
different gases in the gas chamber. 
This would be expected not only from 
the different heat transfer characteris- 
tics of the various gases, but also be- 
cause the lower liquid temperatures 
allow more heat to enter through the 
tension linkage which extends through 
the bottom of the cryostat. 

Fig. 4 shows the cryostat in use at 
76 K in a standard tension testing ma- 
chine. Well over 200 tension tests 
have been performed using this eryo- 
stat, and no signs of wear or malfunc- 
tion have yet become apparent. 
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Evaluation of Micrometer and Microscopical 


Methods for Measuring Thickness of Floor Coverings 


Tus MEASUREMENT of 
thickness of floor coverings has been 
used by various investigators in the 
process of studying such physical proper- 
ties as indentation, recovery, and resist- 
ance to abrasion. Two procedures, the 
dial micrometer method (1-7)! and the 
microscopial (optical) method (8, 10), 
are discussed in the literature. 

Since 1942 agencies of the Federal 
government have been purchasing felt- 
backed floor coverings under a specifica- 
tion (9) that describes a dial microm- 
eter method for determining thickness. 
The proposed Federal test methods for 
floor coverings (10) give a micrometer 
method and an optical method for 
measuring the thickness of the wearing 
layer or wearing surface. In the 
preparation of a new Federal specifica- 
tion for felt-backed floor covering (11), 
considerable difficulty has been en- 
countered in establishing the require- 
ments for the thickness of the wearing 
surface. 

Differences in thickness values ob- 
tained by various laboratories using the 
micrometer method have been reported 
and have led to concern about the 
precisio, of the method. In addition, 
a number of laboratories have favored 
the optical method for determining 
thickness of this type of floor covering 
based on the belief that this procedure 
was more convenient and more precise. 
The results obtained by these two 
methods are subject to some degree of 
uncertainty because of the difficulty in 
determining the line of demarcation be- 
tween the wearing layer and the backing 
material which is uneven and serrated in 
appearance, 

A reliable measurement of the thick- 
ness of felt-backed floor coverings is 
important in connection with research 
dealing with the physical properties of 
this material under various test and 
service conditions, and in establishment 
of physical requirements for specification 
purposes, quality control of production, 
and procurement. In accordance with 
an expressed need to examine the 
NOTE—DISCUSSION OF THIS PAPER 

IS INVITED, either for publication or for 
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dress all communications to ASTM Head 
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By E. HOROWITZ, J. MANDEL, R. J. CAPOTT, and T. H. BOONE 


The dial micrometer and microscopical (optical ) methods for measuring 
the thickness of floor coverings were evaluated in an interlaboratory 
study of four samples having wearing layer thickness in the range 5.5 to 
22 mils. The data are analyzed statistically in terms of three parameters: 
(1) The over-all average, 1; (2) the slope of the straight line obtained by 
plotting the average results of a given participant versus the corresponding 
grand average of all the participants, 8; and (3) the scatter of the indi- 
vidual results about the straight line, V(n). With experienced personnel, 
there is no significant difference in the results obtained by the two methods; 
the grand averages agree to within 0.04 mils. Using four replicate 
measurements the standard deviations for the micrometer and optical 
methods are 1.15 and 1.19 mils, respectively. The measurement of 
thickness does not appear to be affected by pressure feet of different 
diameters between the limits of 0.10 and 0.25 in. when the load on the pres- 
sure foot is maintained between 18.6 and 22.4 psi. 
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precision of the micrometer and optical 
test methods for determining thickness, 
the interlaboratory study discussed in 
this paper was undertaken. 


Experimental 


Four manufacturers of felt-backed 
floor coverings cooperated with the 
National Bureau of Standards, and each 
manufacturer furnished a sample of 
his material to be used in this study. 
Each sample was cut into five sheets. 
The sheets were marked off into 4 by 
4-in. squares, and five such squares, 
one from each sheet of a given sample, 
were assigned to each of the participants 
in accordance with a statistical design. 
Each of the five squares per sample was 
further subdivided by marking off four 
2 by 2-in. squares. Two diagonally 
opposite 2 by 2-in. squares were selected 
by a random process and were cut from 
the larger square. Thus, each par- 
ticipant received ten 2 by 2-in. spec- 
imens from each of the four submitted 
samples. The participants were in- 
structed to make duplicate thickness 
measurements on each test specimen 
using the procedure that was or- 
dinarily employed in their laboratory. 


Micrometer Method 


A dial micrometer having a flat pres- 
sure foot that exerted a force of 20 + 
5 psi on the test specimen was used 
in making the thickness measurements. 
For the different laboratories the di- 
ameter of the flat pressure foot varied 
in the range 0.10 to 0.25 in. The thick- 
ness of the wearing surface was de- 
termined by measuring the total thick- 
ness of the original specimen and the 
thickness of the backing after the wear- 
ing surface had been cut away. 


Optical Method 


The floor covering was placed in a 
precision vise with approximately ;); 
in. protruding above the surface of the 
jaws, and the protruding portion was 
cut away with a razor blade. Pre- 
cautions were taken to avoid compress- 
ing or distorting the specimen in the 
region to be measured, generally by 
the use of beveled jaws. The thickness 
of the wearing surface was determined 
microscopically using a calibrated op- 
tical micrometer. 


Discussion of Results 


Table I contains the results obtained 
by participants for the thickness of the 
wearing surface for each of the four 
samples. The values given represent 
the average of four measurements made 
on a single sheet. The data in Table I 
have been summarized in Table II 
in the form of average thickness values 
obtained on each of the four samples 
by the participating laboratories. Also 
given are the grand averages for each 
sample, calculated for the micrometer 
method and the optical method. 


TABLE I. 


Laboratory 
Sample Sheet A B 
1 5.18 
2 4.50 5.10 
Z. 13 4.50 4.95 
4 7.00 5.30 
\5 6.25 4.60 
(1 12.00 11.85 
12 14.75 11.70 
Y 413 13.50 11.72 
4 14.75 12.68 
\5 12.00 10.80 
fl 17.75 17.72 
19.25 18 40 
X {3 19.50 19.00 
\4 20.75 19 48 
(5 20.25 19.90 
(1 21.75 24.82 
2 19.75 22.38 
W.. 43 21.00 25.05 
20.25 24.10 
19.25 24.28 


M icrometer_ Method 


THICKNESS OF WEARING SURFACE, MILS.¢ 


Optical Method 
__ Laboratory 
C D EY 


6.00 6.75 5.92 5.12 5.35 
6.00 6.75 5.50 5.75 5.80 
6.25 6.75 5.80 5.15 5.05 
5.50 7.25 5.42 5.40 5.30 
5.50 6.25 4.75 5.08 * 
13.75 13.00 11.88 10.60 12.75 
14.00 13.50 11.02 9.70 12.50 
13.75 12.50 11.12 9.82 12.28 
13.00 15.00 12.58 10.45 12.68 
13.25 14.25 12.08 9.55 10.62 
17.75 19.00 18.50 15.95 18.70 
18.75 19 50 20.05 17.12 17.92 
18.50 21.00 20.02 12.92 20.30 
19.75 20.75 20.10 13.75 18.62 
18.50 18.00 20.42 15.88 17.30 
23.00 23.50 22.80 19.42 19.32 
23.00 21.75 22.05 18 62 21.85 
24.25 23.50 22.62 18.22 21.20 
23. 25 23.00 22.88 21.02 22.92 
23.50 25.50 22 .22 19.52 21.95 


@ Fach value given for the individual sheets represents the average of four measurements 


made on a 4 by 4-in. square. 


> E.and E: were different operators in the same laboratory . 


Micrometer Method 


Sample Laboratory Grand 
A B Average 

5.50 5.03 5.85 5 46 
Y 13.40 11.75 13.55 12.90 

. 19.50 18.90 18.65 19.01 
20.40 24.13 23.40 22.64 


TABLE II.—AVERAGE THICKNESS OF WEARING SURFACE, MILS.2 


Optical Method 


Laboratory Grand 

Cc D Average 
6.75 5.48 5.30 5.26 5.70 
13.65 11.74 10. 02 12.17 11.89 
19.65 19.82 15.12 18.57 18.29 
23.45 22.51 19.36 21.45 21.70 


@ Each of the values listed under laboratories represents the average of 20 measurements. 


Micrometer Method = 


Sample A B Ee 
Z 1.20 0.51 0.92 
Y 2.51 1.12 0.74 
xX 0.89 1.53 2.01 
Ww 0.7 0.94 1.60 
The wearing surfaces of the four 


samples used in this study (Z, Y, X, 
and W) were approximately 5.5, 12.5, 
18.5, and 22 mils thick, respectively. 
For the thickness measurements made 
with the micrometer method the max- 
imum difference between two labora- 
tories for each of the four samples 
amounted to 0.82 (Z), 1.80 (Y), 0.85 
(X), and 3.73 (W) mils. When the 
optical method was used these dif- 
ferences amounted to the following: 
1.49 (Z), 3.63 (Y), 4.70 (X), and 4.09 
(W) mils. An examination of the grand 
averages shows agreement within 1.0 
mil for the two methods, even in the 
poorest case, sample Y. 

In Table II the thickness results 
obtained by the micrometer method 
deserve some comment. Although the 
diameter of the pressure foot for the 
micrometer used by laboratory B was 
approximately half that required in the 
specification for felt-backed ftoor cover- 
ing (9), the results of this laboratory 
were in good agreement with those of 
participant E2, whose instrument com- 
plied with that specification. It should 
be mentioned, however, that the load 
exerted by the pressure foot was within 
the limits 20 +5 psi in both instances. 


TABLE HII.—STANDARD DEVIATION OF REPLICATION, MILs. 


Optical Method 
Laboratory 


Cc D E: 
0.50 0.68 0.53 0.82 
0.74 0.59 0.88 
0.72 1.05 1.93 1.33 
1.46 1.04 1.43 


1.40 


The first step in a statistical analysis 
of the data was to estimate the var- 
iability among the original four replicate 
observations made by each participant 
on each sheet. A breakdown of the 
variability into that observed between 
replicate readings on the same test 
specimen (2 by 2in.) and _ between 
specimens revealed that the latter was 
only very slightly larger than the former. 
Consequently, the four measurements 
were statistically treated without re- 
gard to their position on the 4 by 4-in. 
square. Table III lists the standard 
deviations measuring this pooled varia- 
bility. There i statistical evidence 
that these values do not belong to a 
single population, and though they vary 
significantly between samples, they do 
not appear to be related to the mag- 
nitude of the measurement. Pooling 
all the values in Table I1], one obtains 
an estimate of 1.2 mils for the stand- 
ard deviation among the four replicate 
determinations. The contribution of 
this error to the variance of the averages 
listed in Table I is (1.2)?/4 = 0.36. 

The data in Table I were analyzed 
in accordance with a method (12) that 
allows each participant to be compared 
on all the samples with the correspond- 
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ing average values of all participants in 
the other laboratories. Table IV sum- 
marizes the results in terms of three 
arameters, 8, and V(n). Figure 1 
is an illustration of how these param- 
eters are used in this type of analysis. 
The first of these, u, determines the 
height of the line at a point X, cor- 
responding to the calculated over-all 
average thickness for all laboratories 
using both methods on all materials. 
In the case of laboratory E, the value 
of pw (12.45) is below the over-all 
average, 14.66. However, a_partic- 
ipant who obtains low values for one 
sample does not necessarily obtain low 
values for all other samples. For ex- 
ample, participant B (Table II) ob- 
tained relatively low values for samples 
Zand Y, but had the highest average 
result for sample W. It follows that a 
single parameter, like the average, u, 
is not sufficient to characterize the rel- 
ative position of the results of a par- 
ticipant in comparison with the others. 
It is for this reason that the two other 
parameters, 8 and V(»), were introduced. 
The parameter 8 is the slope of the 
straight line actually obtained for a 
given participant. Together with 4g, 
it defines the position of this line with 
respect to the ideal 45-deg line where 
8 = 1. Furthermore, the experimental 
points for any particular laboratory 
show scatter about the line fitted for 
that laboratory. The magnitude of 
this scatter is measured by V(»). 

The average values of V(n) (see 
Table IV) for the two methods are 
quite close. Thus the two methods 
appear to be equally precise in terms of 
the scatter measured by this param- 
eter. However, as both averages are 
based on relatively small numbers of 
participants, they are subject to sta- 
tistical fluctuations. A larger number 
of participants would have been re- 
quired to establish the equality of 
V(n) for the two methods with greater 
certainty. The average value of V(») 
for both methods is 1.11. The con- 
tribution of replication error to this 
value is 0.36. Thus not all the residual 
scatter can be explained by the vari- 
ability among replicate measurements 
made by the same participant on the 
same sample. 

This finding merits some discussion, 
as it relates to one of the chief ob- 
jectives in conducting interlaboratory 
tests. The difference, 1.11 — 0.36 = 
0.75, represents an amount of scatter 
that cannot be reduced by making re- 
peated measurements on the same 
sample within a given laboratory. Yet 
this is an important component of the 
error against which any difference 
between different samples, measured 
in the same laboratory, must be as- 
sessed. The only way of discovering 
this source of variation is by com- 
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( Thickness, mils ) 
Sheet Average, for laboratory 


2/245 


X=/4 66 


2 6 8 


6 20 24 


Sheet Average, all laboratories 
( Thickness, mils ) 


A is the ideal 45-deg line where 8 = 1. 


B is the straight line fitted by least squares to the experimental points for laboratory Ei. 

w and 8 are the parameters ‘characte srizing line 

7 is a measure of the scatter about the fitted line. 

X¥ = 14.66 is the over-all average thickness for all laboratories using both methods on all 


materials. 


Fig. 1.—Illustration of the statistical method for comparing laboratories. 


TABLE IV.—COMPARISON OF 
RESULTS AMONG METHODS AND 
LABORATORIES. 


Laboratory 8 mils? 
MICROMETER 
14.70 0.93 2.37 
14.95 1.14 0.65 
15.36 1.03 0.65 
Average. . 15.00 1.03 1.22 
OpTicaL 

rr 15.88 1.01 0.85 
14.89 1.06 0.60 
Sr 12.45 0.83 1.63 
ae 14.36 0.99 1.02 


Average... 14.40 0.97 1.02 
Average, both 
methods... 14.66 1.00 


@ » = Over-all average for the four samples 


combined. 
> 8 = Measure of the bias. 
¢V(n) = Measure of the scatter of the 


thickness values obtained by each laboratory 
after allowing for systematic biases in either 


paring results from different labora- 
tories. 

Turning now to an examination of 
the u and 6 values in Table IV, it is 
apparent that participant E, obtained 
the lowest value for both uw and 8. 
This participant obtained relatively 
low values for all samples, with a tend- 
ency for increasing departures from 
the other laboratories as the thick- 
ness of the sample increased. It was 
known that this participant had not 
made measurements by the optical 
method prior to this study. 


Conclusions 


1. While the optical method appears 
to be somewhat faster than the microm- 


eter method, there was no _ signifi- 
cant difference in the results obtained 
by the two methods. In fact, the u 
term for the optical method cal- 
culated by omitting the value obtained 
by participant E,, who was known to 
be inexperienced, was 15.04, which was 
very close to the uw value for the mi- 
crometer method, 15.00. 

2. On the basis of four replicate 
measurements on the same sheet, the 
standard deviations of the micrometer 
method and the optical method were 
found to be 1.15 and 1.19 mils, respec- 
tively, inclusive of the variability be- 
tween laboratories. However, the value 
1.19 was derived after excluding the 
results obtained by Ey, for reasons stated 
earlier. When making ten measure- 
ments, as is required in most specifica- 
tions, these standard deviations would 
lead to an estimate of the standard 
deviation of approximately 1.1 mils for 
either method. It should be kept in 
mind that this value is derived from 
information based on only three par- 
ticipants for each method and suffers 
from the uncertainty inherent in such 
asmall sample. Using the four samples, 
Z, Y, X, and W, as examples one would 
expect to be able to measure the thick- 
ness of the wearing surface to within 
+1.5 to 2 mils. 

3. An inspection of the results for the 
micrometer method in Table II in- 
dicates that this method is not par- 
ticularly sensitive to the influence of the 
pressure foot diameter and load in the 
range studied. Laboratory B used a 
pressure foot diameter of 0.1028 in. 


: 
| 
24 
22 
e 
20 
% 
| 
/ 
A 
Ay 
4 
| Slope=8 
Z 
2 
j 
ih 
His | 
i 
q 
‘ 


and a load of 18.6 psi, while participant 
k» used 0.250 in. and 22.4 psi. 

4. Experience appears to be an im- 
portant factor in the optical method 
(as is shown in the case of E,), as the 
operator must make a judgment when 
visually determining the boundary 
line between the wearing surface and the 
backing. This is often difficult because 
of the serrated appearance of the 
boundary. Experience and judgment 
are undoubtedly also necessary in the 
micrometer method. 
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Mr. E. H. Warers.*—Although the 
results of Holden and Muncey® failed to 
demonstrate any significant difference 
in the pressure exerted on the foot by 
the act of walking on different types of 
floors, the frequent complaints received 
from people who are obliged to work on 
concrete floors foster the belief that 
such floors do have some unpleasant 
physiological effects. It is therefore of 
interest to read of another attempt to 
elucidate this problem. 

Mr. Schjédt has produced some 
interesting results with regard to the 
effect of different floor surfaces in 
changing the way in which his subjects 
walked. In view, however, of the very 
considerable scatter of the individual 
results, an analysis of variance would 
have been desirable so that the sig- 
nificance of the differences in the means 
could be assessed. If it is assumed that 
the differences shown are statistically 
significant, then they show that on the 
different floors the subjects walked 
differently, but that is all. The results 
do not prove Mr. Schjédt’s argument 
that complaints about hard floors arise 
because they cause increased muscular 
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fatigue, 
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Discussion of Paper on Measurements of Human Reaction 
to Hardness of Floor Covering’ 


nor do these results establish 


“the actual reality behind the feeling 


of hard or soft floors” 


or give a “‘basis for 


comparison.” 
Lundervold‘ has shown that tiredness 


results 
work 


when two antagonist muscles 
simultaneously, but the time 


during which two such muscles work 
simultaneously in a coordinated move- 
ment pattern in two different cireum- 
stances cannot be taken as a quantita- 


tive measure of fatigue.5 
the pairs of muscles chosen by 


Furthermore, 
Mr. 


Schjédt for examination in this investi- 
gation do not behave as simple an- 


tagonists in 
It is therefore very 


the action of walking. 


doubtful whether 


Mr. Schjédt’s index of fatigue is a valid 
one.5 


Perhaps Mr. Schjédt had in the back 


of his 


mind the that if 


proposition 


antagonists work simultaneously for a 
longer period during each step in one 
circumstance than in another, fatigue 


will develop more quickly; 


but he does 


not say so, and his dismissal of the 
thermal arguments of Schiile® suggests 
that an almost instantaneous effect is 


TABLE I. 


SUBJECTIVE 


IMPRESSIONS OF FLOOR HARDNESS 


BL INDFOL DED AND WITH _PLUGG ‘D “ARS. 


being considered. The grounds for 
this dismissal, namely, that “when 
stepping from a hard to a soft floor, one 
feels the difference any heat 
transport could possibly have made 
itself felt,’’ could be equally well used 
against the claim that muscular fatigue 
is the cause of the complaints. One 
would expect heat transport to become 
apparent at least as soon as muscular 
fatigue. But can one feel the difference? 
Although it is commonly believed that 
this is so, an experiment conducted 
some years ago at the Division of Build- 
ing Research throws considerable doubt 
on the validity of this belief. 

A large room was available in which 
half the floor was suspended concrete 
and the other half a conventional sus- 
pended timber floor. Two strips of 
$-in. linoleum were stuck down, one 
on each floor surface, to form walkways. 
Twelve subjects were used, of varying 
age and physique as shown in Table I, 
and unfamiliar with the interior of the 
building. They were told in advance 
to make comparisons of hardness be- 
tween pairs of floor surfaces. They 


befor 


OF SUBJECTS 


Assessment of Floor 


"oOo SS s 
Age, Height, Weight, = - — 
Subject Sex yr in. Ib Sole Hee! Con- No 
Wood crete Differ- 
Harder Harder ence 
1. M 37 74% 170 Le eather Leather, Tr, in, 3 1 
2 F 35 59 101 Leather Leather, 1 in. 4 
3 F 47 66% 135 Leather Leather, 134 in. 1 2 1 
4 F 41 67 124 Leather Leather, 1% in. 3 l 
5 M 49 65 34 138 Leather Rubber, 1% in. 2 1 1 
6. M 30 71% 183 Rubber Rubber, 1% in. 1 1 2 
7 Fk 37 66% 114 Leather Leather, 1 in. 2 2 
. F 23 64 103 Leather Leather, 2% in. 2 2 
oe... M 35 71 186 Leather Rubber, 7 in. 2 1 1 
10 M 35 67 168 Leather Leather, | in. 4 
11 M 61 69 181 Leather Leather, 1 in. 2 3 aah 
12. F 21 67% 185 Leather Leather, 1% | in. 1 3 1 
Total 23 18 7 
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were blindfolded and their ears were 
plugged with cotton wool. They were 
then brought into the test room one at 
a time, seated on a trolley. The trolley 
was wheeled to the start of one test 
strip and the subject walked along it 
assisted by guide ropes. At the end of 
the test strip the subject was again 
seated on the trolley, taken to the 
second strip and the process repeated. 
Each subject was then asked to grade 
the two floor surfaces in order of hard- 
ness. The subject (still blindfolded) 
was then immediately put through the 
test a second time under the impression 
that a second pair of floors was being 
compared and again asked for an assess- 
ment of their relative hardness. After an 
interval during which two or three 
others were tested, the subject was 
brought back and the whole procedure 
repeated so that a total of four assess- 
ments of the relative hardness of the 
two floors was obtained from each 
subject. The number of times each 
of the three possible answers was ob- 
tained from each subject is shown in 
Table I. It will be seen that most 
subjects changed their opinions from 
test to test, although they were usually 
prepared to give a definite opinion. 
The totals show that opinions were 
almost equally divided as to which was 
the harder floor, with a small majority 
(probably not significant) in favor of the 
timber floor being the harder. 

A further observation obtained sub- 
sequently without deliberate planning 
reinforces the doubts raised by the 
above experiment. At the Division of 
Building Research there is a room, 
used for acoustic experiments. in which 
the whole of the walls and ceiling are 
covered with acoustic absorbents. The 
floor is bare concrete, as is that of the 
adjoining room from which this acous- 
tically ‘dead’ room is entered. The 
floor of the “dead” room has been 
painted with a light-brown mat paint, 
while the other is the normal color of 
concrete. Visitors to the Division have 
remarked on stepping on to the painted 
concrete floor of the “dead” room— 
“What is this floor? Cork?” Even 
after stamping their feet the impression 
of softness was retained. 

It thus appears that sound, and 
possibly sight, play a large part in the 
immediate impression of hardness that is 
obtained on «stepping onto a floor. 
When circumstances are such that the 
assistance of these two senses is no 
longer available, or they are in some way 
deceived, the ability to ‘“‘feel’’ immedi- 
ately the difference between a hard and 
a soft floor is lost. We think we feel 
the difference, but the assessment. is 
made mainly by the impressions re- 
ceived through other senses conditioned 

by what has been associated with such 
impressions in the past. 
Although complaints are often made 
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about the effects of hard floors, there 
appears to be no published information 
on the validity of these complaints, for 
example, whether the disabilities re- 
ported (vague aches and pains, swollen 
joints, tiredness, etc.) are significantly 
more frequent or severe among people 
who work on concrete than among those 
who work on timber floors. A careful 
statistical survey of workers on both 
types of floor is required, with suitable 
medical and psychological checks, in 
order to determine the reality of the 


= 
A B C D 


A: Concrete 

B: Linoleum 

C: Cork Vinyl, Norway Spruce 
D: Foam Rubber, Woolen Carpet 


From Arne Lundervold, ‘Forskjellige 
gulvbeleggs innflytelse | pa den menneskelige 
organisme under gang” (Influence of Floor 
Coverings on Human Body During Walk- 
ing), Helse og arbete, Vol. 7, No. 2, 1960. 


Fig. 1.—The total results of measure- 
ments on muscle activity, that is, time 
and strength of muscle contraction for 
simultaneous contraction. 


problem and the extent to which factors 
other than the floor may be responsible. 
Only if such a survey were to show a 
real difference not ascribable to other 
associated factors (such as, for example, 
air-temperature differences, generally 
unsatisfactory working conditions, etc.) 
would it be worth-while to speculate on 
what property of the floor is responsible. 

Mr. R. Scusépr (author).—People 
react to the hardness of the floor upon 
which they walk. This reaction ranges 
all the way from a “feeling” of comfort 
or discomfort, to complaints, to bone 
and muscle troubles. 

The problem is to find some kind of 
measurement of this reaction, which 
ought to show a good correlation with 
direct determinations of resilience. 

Messrs. Holden and Muncey, at 
Mr. Waters’ institute, have tried to 


obtain this in the direct way, by meas- 
uring the pressure between shoe and 
foot while 

The author’s 


walking, but without result. 
idea was that the ad- 


justment of the muscles to the hardness 
of the floor caused the feeling of the 
degree of resilience, and that tiredness 
results from a sustained bad adjustment. 
Mr. Waters’ comments seem to show 
that he has overlooked the difference 
between the instantaneous feeling of 
discomfort when stepping on a hard 
floor, and the tiredness resulting from 
walking on that floor for longer periods. 
The results of the author’s tests show 
a very good correlation with the factors 
mentioned in the first paragraph. The 
scatter of the results is only apparent, 
since obviously, different persons use 
their muscles in very different ways. 
If the results from each person are 
compared, instead of the over-all aver- 
ages, the measurements give for every 
person a higher value, for instance, for 
concrete than for rubber. No amount 
of statistical analysis can change this. 

It is not claimed in the paper that 
the time the muscles work simultane- 
ously is a quantitative measure of 
fatigue. The measure taken is this 
time multiplied by the electrical tension, 
as is shown clearly in the tables. As to 
the information given to Mr. Waters, 
that the muscles chosen do not behave 
as antagonists, the author can only 
remark that Mr. Lundervold does not 
agree with Mr. Waters’ informant. 

Mr. Lundervold has analyzed the 
tests independently of the author, and 
arrived at the same results. His con- 
clusions, given in the paper referred to 
under Fig. 1, are: “A clear difference 
was registered in the work of the muscles 
(when walking on different floor cover- 
ings), both for the muscles of the back, 
the thigh, and the legs. For the harder 
floors, more force was used both for 
walking and for standing. Walking 
on hard floors, as for instance concrete, 
the muscles were also used in a more 
disadvantageous way, as the antago- 
nists were contracted at the same time 
to a greater extent.” 

The results of Mr. Waters’ experi- 
ment, to have people walk blindfolded 
on linoleum laid on conerete and on 
wood, are not surprising. The diffi- 
culties in walking blindfolded are so 
great that all smaller “feelings’’ dis- 
appear. But maybe measurements 
would still have given results. 

I cannot see that Mr. Waters has 
given any valid arguments against 
accepting the correlations shown be- 
tween the measurements of muscle 
work, Shore hardness, indentation tests, 
and lastly, with the general ‘“‘feeling”’ 
of comfort and discomfort, with re- 
sulting tiredness. 

It seems to the author that measure- 
ments and correlations must be decisive, 
and it seems that these have shown con- 
clusively the human bodily reaction to 
hardness of floor coverings, consisting 
in more, and more disadvantageous, 
muscle work. 
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Stainless Steel 


I. IS RECOGNIZED that a 
number of variables contribute to the 
so-called scatter in data often obtained 
in stress-rupture tests. Two important 
factors associated with the scatter are 
the accuracy of the test equipment and 
the type of material used. If the test 
equipment, such as the loading system, 
heating unit, temperature measurement 
and control devices, and the strain- 
measuring equipment, is accurately 
calibrated, carefully used and main- 
tained, then the scatter in values due 
to equipment is generally Jess than that 
due to nonuniform test material. Some 
scatter may be also attributed to the 
preparation of the specimens. How- 
ever, with the most carefully controlled 
preparation, it is generally expected 
that individual metal specimens ob- 
tained from a single heat will often have 
more uniform mechanical properties 
than those from different heats. The 
reproducibility of test data on speci- 
mens from a single heat may be affected 
by such variables as grain size, initial 
density and distribution of lattice 
defects, metallurgical structures, and 


the reactions taking place during the ° 


stress-rupture testing. 

The present tests were made at the 
request of the Test Methods Panel of 
the ASTM-ASME Joint Committee on 
the Effect of Temperature on the Prop- 
erties of Metals to determine the suit- 
ability of a heat of 304 stainless steel 
as a source for calibration specimens for 
stress-rupture testing. It was re- 
quested that the tests be made at 1350 F 
and at a stress to give an average life 
of 100 hr on specimens selected to eval- 
uate the uniformity of the bars proc- 
essed from the heat. The test program 
was statistically designed (Table I) in 
order to obtain the maximum amount 
of data from a limited number of tests. 


Material, Testing Procedures, and 
Test Equipment 

Part of a basic electric heat (No. 
C-804, Table II) of type 304 stainless 
steel was supplied by Universal Cyclops 
Steel Corp. in the form of }3-in. square 
(rounded corners) by 10 to 12-ft bars 


NOTE—DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention of the author or authors. Ad- 
dress all communications to ASTM Head 
quarters, 1916 Race St., Philadelphia 3. Pa. 
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By W. D. JENKINS, W. A. WILLARD, and W. J. YOUDEN 


Stress-Rupture Tests at 1350 F on Type 304 


Stress-rupture tests were made at 1350 F on type 304 stainless steel to 
determine the suitability of a heat of this material as a source for calibra- 
tion specimens for stress-rupture testing. Specimens were tested at a 
stress of 13,500 psi and had an average rupture life of approximately 100 
hr. The program was statistically designed and the results were statis- 
tically analyzed. Standard deviation was 20 hr. The effect of stress on 


properties of the material is reported. 


(9400 |b) in the as-annealed condition. 
The heat was cast into 8 ingots, each 
weighing approximately 3150 Ib and 
designated 1 to 8, in the order of 
pouring. The bars supplied were proc- 
essed from ingots 3, 4, 5, and 6. All 
bars were identified as to ingot, and 


some were also identified as to the 
position in the ingot (top, middle, 
bottom). The bars were annealed in 


three lots (A, B, and C) by the manu- 
facturer by heating at 1950 to 1975 F 
for 1 hr before quenching in water as 
follows: 

Lot A 


all bars from ingot 3; 4 of 


bars from ingot 6. 


WILLIAM A. WILLARD is a metallurgist in the Thermal 
Metallurgy Section of the Metallurgy Division at the National 
Currently he is engaged in fundamen- 


He was graduated from the 
University of Kentucky with a B.S. in metallurgical engineer- 


Bureau of Standards. 
tal studies on creep of metals. 


ing. 


ing. 


Bureau of Standards. 


elevated temperatures. 
mental studies on creep of metals. 


Plant Research. 


Lot B—-all bars from ingot 4; 


bars from ingot 6. 


Lot C—all bars from ingot 5; 


bars from ingot 6. 


The chemical composition of the 


is given in Table II. 


1 of 


wm 


of 


heat 


Hardness surveys (Rockwell B scale) 


were made at room 


temperature 


on 


cross-sections prepared from some of 


the annealed bars as received. 


values ranged from about 69 to 72 


Rockwell B with an 
proximately 71. 


average of 


The 


ap- 


A metallographic examination was 
also made of specimens from the bars, 
as received, and on specimens after 


WILLIAM D. JENKINS is a metallurgist in the Thermal 
Metallurgy Section of the Metallurgy Division at the National 


He has been author of a number of 
papers on flow, fracture, and ductility of metals at low and 


Currently he is engaged in funda- 


W. J. YOUDEN has been a statistical consultant at the Na- 
tional Bureau of Standards since 1948. 
he was a physical chemist with Boyce Thompson Institute for 
Mr. Youden has also served with the 
Rand Corp., Santa Monica, Calif., with the U.S. Air Force as 
operations analyst, and has engaged in lecturing and teach- 
He is a prolific author in the field of applied statistics, 
having published more than 50 papers and a book. 


From 1924 to 1948 
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TABLE II.—CHEMICAL COMPOSITION 

(PERCENTAGE BY WEIGHT) OF THE 

STEEL USED, AS FURNISHED BY 
UNIVERSAL CYCLOPS CORP. 


TABLE I.- OF THE STRESS-RUPTURE TEST PROGRAM 


DESIGN 


Position 
: Testing Equipment 


Ingot : in Bar Specimen 
1 2 3 LapLe Anacysis (Heat No. C-804) 
l Center x Carbon. . ..0.071 Chromium.....18.64 
41 Surface x Manganese...1.76 Nickel.... 10.56 
2 Surface “ae x Phosphorous. .0.023 Copper........ 0.10 
Center x Sulfur .....0.010 Molybdenum.. 0.18 
..4 Middle. . . {1 Surface x Silicon... COOMBE: 0.12 
2 Surface x 
| Center x Cueck ANALYsI8 ON Bar PropuctT 
Bottom {1 Surface x 
2 Surface x i Ingot No. 4 Ingot No. 6 
{l Center apn x Carbon... 0.069 0.069 
(Top... 4] Surface x Manganese. . . 1.63 1.67 
Surface x Silicon....... 0.53 0.54 
1 Center x Chromium. 18.66 18.68 
5.........4Middle.. 41 Surface x Nicke 10.54 10.56 
2 Surface x 
| 1 Center made with a soft rubber binder, and 
Bottom il a grinding was dry at a speed of 2400 rpm. 
l Center - x The stress-rupture specimens were 
2 Top ‘1 Surface x machined from the selected identified 
2 Surface x 
bars from the positions in the cross- 
3.........4Middle. ‘1 Surface section according to the test program of a 
i lable I. The specimens were heated 
2 Bottom {1 Surface x in air overnight (approximately 16 hr) Lo she 
1 — _ to about 1325 F, and the temperature | 
(Top 1 Surface was raised, the following morning, S 
; —— to 1350 F. The specimens were held 
} enter x 
Middle... 4] Surface x at temperature 1 to hr before ap- 
2 Surface x plying the load. A few exploratory Y 
\Mottom.......41 tests were made at stresse ranging from 
2 Surface x 13,000 to 14,600 psi (Table ITI) in order 


@ The axis of specimens from the center position in the cross-section was the same as the axis to determine the stress necessary to 
of the bars, and that corresponding to the surface position was » in. from the outer surface. produce a life expectancy of appronxi- 
mately 100 hr (13,500 psi). 


The stress-rupture machines were of 


testing in creep at 1350 F. Representa- shoulders) according to a form block 


tive structures are shown in Fig. 1. 

The dimensions of the stress-rupture 
specimens are given in Fig. 2. These 
specimens were machined in a lathe to 
a reduced diameter of approximately 
0.002 in. oversize and a slight taper 
(reduced section approximately 0.001 
in. less at the midpoint than at the 


bar; (X 100). 


: 


(d) Same as (c) (X 500). 


Fig. 1.—Structure of the steel as annealed and after testing at 1350 F ‘= rupture. 
trated hydrochloric acid and two parts chromic acid (10 per cent). 
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(a) Initial structure, near axis of as-received 


attached to the cross-slide of the lathe 
‘arriage; light cuts were used to finish 
the reduced section to these dimensions. 
The specimens were then finished to 
size by grinding on centers in a direction 
parallel to the axis in a specially de- 
signed machine; the grinding wheels, 


1 4-in. diameter by } in. wide, were 


(b) Structure near axis of test specimen at 


hr; 1350 F for 13 hr) (X 100). 


(e) Structure near fracture, near axis of test 
specimen, after rupture in 76.3 hr (X 100). 


time of application of stress (1325 F for 16 


Longitudinal sections; 


a multiple-lever type with motorized 
jacks to prevent shock loading. The 
three stress-rupture units used, des- 
ignated numbers 1, 2, and 3, had been 
recently calibrated at room temperature 
with a proving ring. The machine 


errors for stresses used in this investiga- 
tion, were 0.2, 0.5, and 0.5 per cent for 


(c) Structure near fracture, near axis of test 
specimen, after rupture in 129.1 hr (xX 100). 


(f) Same as (e) (X 500). 
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etched in five parts concen- 
(Magnifications as shown; reduced one third in reproduction. ) 


| 
46 | 


TABLE III.—SUMMARY OF CONDITIONS USED AND RESULTS OF EXPLORATORY STRESS-RUPCTURE TESTS. SPECIMEN 
TESTED AT 1350 F WITH DIFFERENT STRESSES. 


Specimen Ingot 
Number Number 


Position 


Creep 
Stress Rate, 
Position Rupture Stress, Second 
in Bar Unit psi Stage, 
Number per cent 


Reduction 
of Area, 
per cent 


Elongation, 
per cent 
in 1} in. 


Rupture 
Time, hr 


3 Top 
3CT2B 3 Top 
3CTI1A 3 Top 
4CF1B Middle 
| 3 Bottom 
SCBIB...... 3 Bottom 
3CB2B...... 3 Bottom 


Surface 1 13 000 0.13 
Surface 2 13 000 0.11 
Center 3 13 800 0.17 
Surface 2 13 800 0.18 
Center 3 14 000 0.36 
Surface 1 14 600 0.41 
Surface 2 14 600 0.44 


161.5 32 36 
127.3 34 7.5 
73 40 42 
64.5 39 41 

32 42 
48.9 38.5 40 


units 1, 2, and 3, respectively. A 
potentiometer-type, single-record, strip- 
chart recorder with proportional con- 
trol form, provided with an adjustable 
3 pan, was used to record and to control 
the temperature of each of the specimens 
to an accuracy of +2 Fat 1350 F. The 
portable potentiometer used for check- 
ing the temperature of the individual 
specimens, was calibrated and found to 
record the emf accurately to less than 
0.04 absolute mv. Two  22-gage 
chromel-alumel thermocouples were at- 
tached to the reduced section of each 
specimen; the hot junctions were spaced 
approximately 1 in. apart. Some of 
these were calibrated before and after 
the tests, and the differences in values 
were found not to exceed the uncertain- 
ties of the calibration (2 F). New 
couples, used for each test, were all 
from the same lot of wire. Each of the 
furnaces was calibrated prior to the 
start of the testing program, and the 
temperature did not differ from the 
desired temperature by more than +2 F 
over a 6-in. midsection of the furnace. 
Strain-time data were obtained from 
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Fig. 2.—Dimensions of stress-rupture 
specimen. 


electric-contact follow-up type ex- 
tensometers attached to shoulders of 
specially designed adapters. The sensi- 
tivity of measuring the extension was 
approximately 0.00005 in. 


Results and Discussion 


The test data are summarized in 
Tables ITI to V and in Figs. 3 and 4. 
As shown by the data in Table IIT and 


50 


Fig. 3, for the exploratory tests, the 
second-stage creep rate increased and 
the rupture time decreased with in- 
creasing stress. However, no consist- 
ent relation existed between stress and 
elongation or reduction of area. Some 
scatter in values was observed for 
duplicate tests run at the same stress. 

A summary of the data for the speci- 
mens tested with a stress of 18,500 psi 
is shown in Tables IV and V and Fig. 4. 
Although a speed in second-stage creep 
rate values, varying from 0.15 to 0.382 
per cent per hr (Table IV) was ob- 
served, the average values indicated 
that no general effect could be at- 
tributed either to the ingot or the test 
equipment. Furthermore, no consist- 
ent relation existed between creep rate 
and rupture time, elongation, or reduc- 
tion of area. 

Elongation values ranged between 
28 and 46.5 per cent, with the maximum 
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Fig. 3.—Strain-time curves for specimens tested at 1350 F with dif- 
ferent stresses. (See Table III for summary of conditions used. ) 
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stress of 13,500 psi. 


Time, hr 


Fig. 4.—Strain-time curves for specimens tested at 1350 F with a 
: ) i. Final point on each curve indicates rupture. 
Curve identifications refer to specimen numbers in Table IV. 
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TABLE IV.—SUMMARY OF CONDITIONS USED AND RESULTS OF STRESS- 
RUPTURE TESTS, SPECIMENS TESTED AT 1350 F WITH A STRESS OF 13,500 Pst.‘ Stitability ot the material for use as 
standard stress-rupture specimens. 


St R El Therefore, a detailed statistical analysis 
Stress ate, upture elonga- educ- 
nen sae Ingot _ Position Rupture Second Time, tion, tion was made as follows. ‘ 
Number Number Position in Bar Unit Stage, hr percent of Area, The data for the three ingots 3, 4, and 
Number inltin. percent were examined as a group. The 
ral : ns average of the 18 tests (using averages 
SBIA 30 ope Surface 2 0.18 114.1 32.5 36 100.3 hr. The averages for each of the 
.. 3ottom Center 3 0.26 84.1 38 42.5 eS i rere: 
3 Bottom Surface 1 0.24 98.2 36.5 43 three stress 
3B2B 3 Bottom Surface 3 94.4 41 43.5 
Middle Center 1 0.24 78 34 36 
4FP1A 4 Middle Center 1 0.24 97.4 38 41.5 102.8 100.5 97.6 
Surface 2 0.24 76.3 46.5 40.5 
Middle Surface 3 0.2 11¢ 37 
Tats 4CBI1A 4 Bottom Canter 1 0. 3 102 5 36 40. 5 The averages for the three bar positions 
Lay! 4CB1B 4 Bottom Surface 2 0.22 111.8 39.5 42.5 were: 
4 Surface 3 0.25 96.3 40 45 
i 2 4 30ttom Surface 3 0.28 87.4 40 49 1 center ace 2 surf: 
SCTIA.. 5 Top Center 2 0.21 92.7 39.5 46.5 — 
STIA... 5 Top Center 2 0.23 113.8 39 51.5 101.6 97.7 101.6 
2 5 Top Surface 3 0.25 89.8 36 39 
oCT2B.. 5 Top Surface 1 0.20 104.1 32 40 The ave 
5 Middle Center 2 0.21 103.3 40 44 The averages: for the three ingots 4, 
SCFIB.. 5 Middle Surface 3 032 81 40 44 and 5 were: 
5CF2B.. 5 Middle Surface 1 0.23 95.2 33 38.5 Siete 
6T1A... 6 Top Center 1 0.17 121.8 29 35 3 4 5 : 
6TIB... 6 Top Surface 2 0.19 109.6 32 39.5 Unadiaated <<‘ 
6T2B... 6 Top Surface 3 0.24 101.7 33 41.5 
6FIA... 6 Middle Center 3 0.26 101.1 36 43 average........ 108.1 93.1 91.9 
6F1B... 6 Middle Surface 1 0.21 110.7 31 42 Adjusted average*. 105.3 103.0 92.6 ! 
6F 2B... 6 Middle Surface 2 0.21 95.8 34 41 
= 6 Bottom Center 2 0.25 95.8 32 36 he averages for the three positions in | 
) 6 ottom Surface 3 0.27 77.4 34 44 ani ere? 
6B2B... 6 Bottom Surface 1 0.26 84.3 37 43.5 
2 Braces on pairs of specimens indicate duplicate tests. ae Top Center Bottom 
scatter existing for specimens of ingot appeared to be independent of either average.. 111.5 92.2 97.1 
3. The average values indicated that the ingot or the test equipment. Adjusted ao 
> . ivers a 7 
specimens from ingot 6 were the least Values for time-to-rupture for the dverage®._112.9 94.7 8.3 : 
i ductile of those tested. selected specimens tested with a stress « The adjusted values are the etn gy a i 
Although some scatter in reducti 35 estimates based on fitting constants for 
Itt 1g com atter in reduction of of 13,500 psi are summarized in Table position bar and ond for the 
° = pre is shown for specimens from V. The uniformity of these values was testing equipment. { 
each oOo > rots, > average -riteri selecte » ine ri 
u f the ingots, the average values the criterion selected to determine the The adjustments are made necessary 


TABLE V.—EFFECT OF CONDITIONS USED ON THE RUPTURE TIME IN HOURS. because top positions were run only two 

SPECIMENS TESTED AT 1350 F WITH STRESS OF 13,500 PSI. ingots, and the same was true for center 
and bottom positions. For example, 
the center samples were taken from 


Position 


Ingot in Bar Specimen Testing Equipment Average 
. Ingot Position No. 1 No. 2 No. 3 (Ingot) ingots 4 and 5, the weaker ingots. 
(1 Center 121.8 Standard deviation for test speci- 
(Top... Surface 109.6 mens from the same position in the 
oe 6. { Middle. 1 Surface 110.7 oe uy 99.8 from different positions chosen from 
Bottom Surface 77.4 tion of 21.5 hr, just about twice that 
84.3 from specimens from the same part of 
(1 Center 103.20 the same ingot. The material is def- 
[Fep-... 104.1 89.8 initely heterogeneous, but most of this 
‘1 Center ig 103.3 ah ia arises from the high values associated 
5 / Middle iI Surface <2 - 81 96.1 with specimens from the tops of ingots. 
al Center This heterogeneity within ingots is 
Bottom Surface verified by the data on ingot 6, which 
2 Surface vee =e = give the following averages (based on 
(Top... Surface 128.9 three specimens): 
| \2 Surface 114.1 Center Bottom 
3 .{ Middle... 1 108.1 111.0 102.5 85.8 
Center 84.1 This ingot, however, shows differences 
(Bottom... 98.2 in all three positions. The standard 
deviation based on the triplicate speci- 
(Top.. ee ; i ae mens from the parts of this ingot was 
8.0 hr, consistent with the 11.0 hr ob- 
l Center 87.74 tained above. 
= The analysis of these data shows that 
. 1 Center 102.5 ae three different sets of testing equipment 
Bottom. 111.8 could be calibrated so that the results 
were within 3 per cent of the average 
Average (testing equipment) . 103.7 100.5 96.2 100.1 for the three sets of equipment. The 
@ Average values for 2 tests. For individual values see Table IV. heterogeneity of the material was 
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avoided by assigning to each test equip- 
ment the same number of specimens 
from each ingot and from each part of 
an ingot. 

The preparation of the specimens was 
clearly adequate, as is shown by the 
good agreement between results from 
different test equipments. 

Specimens from different bars and 
from either the corner or center of the 
cross-section of a bar gave results that 
had a standard deviation of 11 per cent 
for bars from the same part of the same 
ingot. This standard deviation was 
doubled when the specimens came from 
different. parts of different ingots. A 
standard deviation of 20 hr means that 


two results may easily differ by twice 
this amount. The four highest and the 
four lowest results bear out this spread: 


Four high- 

est re- 

sults 129.1 128.9 121.8 114.1 
Four low- 

est re- 
sults 76.3 77.4 78.0 SL.0 


These eight are the extremes from 30 
tests that averaged close to 100 hr. 
The evidence shows that it is possible 
to calibrate the test equipment much 


more accurately than the variation 
shown by this material. 


Summary 

Stress-rupture tests were made at 
1350 F on specimens obtained iicm a 
single heat of type 304 stainless steel. 

A detailed statistical analysis, made 
on time-to-rupture values for selected 
specimens tested with a stress of 13,500 
psi, indicated that the specimens had an 
average rupture life of approximately 
100 hr with a standard deviation of 
20 hr. 

Property variations of the material 
appeared to be greater than those due 
to the test equipment. 


By D. H. THOMPSON 


Te PROPERTIES OF Ma- 
terials may be determined by a great 
variety of tests, many of which are 
exactly described by such authorities 
as the ASTM. There are relatively 
few standard corrosion tests, however, 
and there is no standard test for de- 
termining the resistance of a metal to 
stress-corrosion cracking.! The stress- 
corrosion cracking of copper alloys is 
believed to be the result of the simul- 
taneous action of stress and a corrodent 
that comprises ammonia, air, and water. 
Preferably, the corrodents should exist 
in the gaseous state, although the actual 
attack may take place in a_ liquid 
film on the metal surface. It follows 
that a stress-corrosion cracking test for 
copper alloys must present metal under 
a known or reproducible stress to 
an atmosphere containing constant 
amounts of ammonia, air, and water 
vapor. In order to maintain constant 
atmosphere composition, some method 
of renewing the gases must be adopted. 
There must also be a way of detecting 
or measuring the progress towards 
failure. 

The first elaborate device for studying 
the stress-corrosion cracking of copper 


NOTE—DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention of the author or authors. Ad- 
dress all communications to ASTM Head- 
quarters, 1916 Race St., Philadelphia 3, Pa. 


1The ASTM Method of Mercurous 
Nitrate Test for Copper and Copper Alloys 
(1958 Book of ASTM Standards, Part 3, p. 
303) is a test for determining the presence of 
stresses that might bring about the failure of 
a material through stress-corrosion cracking. 
It does not test the resistance of the material 
to stress-corrosion cracking. 

2 The boldface numbers in parentheses 
refer to the list of references appended to this 
paper. 
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A Simple Stress-Corrosion-Cracking Test 
for Copper Alloys 


A simple test for determining the resistance of copper alloys to stress- 
corrosion cracking in moist ammoniacal atmosphere is described. The 
advantages of the test are its simplicity, the trivial amount of equipment 
required, and the quantitative measure of the progress of cracking. The 
test is believed to constitute a reliable accelerated method of determining 
the relative resistance of copper alloys to stress-corrosion cracking in 


natural environments. 


allovs was described in a paper by 
Edmunds, et al. (1).2. Later, another 
apparatus, identical in purpose but 
entirely different in details, was de- 
scribed by Thompson and Tracy (2). 
Similar equipment, but of greater ca- 
pacity, was used to obtain the data pub- 
lished by Robertson, et al. (3) These 
are complicated and relatively expensive 
research tools. The purpose of this 
paper is to show that quite reljable and 
informative results can be achieved 
with extremely simple equipment. 
Much ingenuity has been expended on 
stress-corrosion cracking tests, par- 
ticularly in the methods used for stress- 
ing the metal. In the present test, 
which will be called the “loop test,” 
strip specimens are simply bent around 
a mandrel until the ends touch and 
so held, thus producing a tensile stress 
in the outer fibers at the bend. These 


Yale in 1933. 


tear-drop-shaped loops are exposed to 
the vapors arising from concentrated 
ammonium hydroxide solution at room 
temperature. Before and after ex- 
posure to the moist ammoniacal atmos- 
phere each loop is unfastened and _ al- 
lowed to spring out into its natural 
U-shape, and the distance between the 
ends is measured. The reduction of 
this distance is a measure of the progress 
of stress-corrosion cracking. Figure 1 
shows the specimen before and during 
test. 

Figure 2 illustrates the test. In Fig. 
2(a) the specimens, prepared as de- 
scribed below, are awaiting the start 
of the test. Figure 2(6) shows the 
specimen 20 min after ammonium hy- 
droxide was introduced into the vessel. 
The left-hand specimen, 70/30 cupro- 
nickel, was unaffected; the right-hand 
specimen, 70/30 brass, fractured. 


DAVID H. THOMPSON has been employed by Anaconda 
American Brass Co. for 25 years. The majority of that time 
he has spent in the Corrosion Research Laboratory. He has 
specialized on the subject of stress-corrosion cracking of 
copper alloys and has published papers on that subject and on 
atmospheric corrosion. He received a B.S. degree from 
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(Top) Specimen before bending. (Bottom, left to right) specimen bent into loop, same specimen 
released, after 15 min in moist ammoniacal atmosphere, after 30 min in moist ammoniacal 


atmosphere. 


Fig. 1..-Specimens before and after exposure in loop test. 


Procedure 


In so far as the test is carried out in 
an unvarying manner, it is capable 
of reproducible results. Therefore a 
“standard” way of conducting the test 
is specified. Whenever possible the 
test is performed in this manner. When 
changes must be made, comparison 
specimens of known resistance to stress- 
corrosion cracking are run as a “‘con- 
trol.” The standard method of con- 
ducting the test is as follows: 


1. Annealed metal 0.050 in. thick is 
cold rolied to a thickness of 0.025 in. 
Heat-treatment, either annealing, solution 
heat-treatment, or age hardening may be 
done before or after cold rolling. Because 
cold-rolled specimens have a higher yield 
strength, they have higher fiber stresses 
at the bend, and hence crack more readily, 
and are generally the most convenient 
specimens for test. 

2. Specimens are sheared to 6 by 3 in. 
and straightened. If many specimens are 
being prepared, they may be passed 
through a roll straightener. Usually hand 
straightening is adequate. 

3. Holes §-in. in diameter are drilled 
{ in. from each end. 

4. The strips are bent around a {-in. 
diameter mandrel until the ends touch and 
are held by a twist of copper wire passed 
through the holes. These specimens are 
much like those described by Gohn and 
Arnold (4). 

5. Strips are held for at least 24 hr (to 
dissipate some of the tendency to creep). 
They are then released, the distances be- 
tween the ends are measured, and they are 
refastened. 

6. Specimens are then vapor de- 
greased, pickled in cold, dilute, sulfuric 
acid, and rinsed. 

7. They are hung in covered 1-liter 
containers with 100 ml concentrated 
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(specific gravity 0.9) ammonium hydrox- 
ide for a predetermined time. 

At the start of the test the specimens 
are to be clean and completely covered 
with a film of water. If they show tarnish 
or water breaks they are to be recleaned. 
Quart Mason jars make good containers. 
No temperature control is used, but the 
jars are kept away from open windows 
and out of direct sunlight. Neither rub- 
ber jar rings nor wire closures are used, 
thus excess ammonia vapor can lift the 
covers and escape. The length of time 
must be found by trial and error. It 
ranges from a few minutes to many weeks. 
Every 24 hr, the specimens are rinsed in 
water and the ammonium hydroxide is 
renewed. 

8. The specimens are removed, 
pickled, rinsed, dried, and the ends un- 


(a) Before test. 


fastened and the distance between them 
measured. 

9. The per cent relaxation is calculated 
and recorded. The per cent relaxation 
gives a quantitative measure of the degree 
of cracking. This has been confirmed by 
correlating the depth of cracking, deter- 
mined microscopically, with the per cent 
relaxation. single figure that repre- 
sents the resistance of an alloy to stress- 
corrosion cracking in moist ammoniacal 
atmosphere is the time to produce 50 
per cent relaxation. This may be found 
from the relaxation versus time data by 
interpolation. 

For example, the distances between 
ends on the specimen in Fig. 1 are: 


Before exposure............ 3.03 in. 
After 15 min in moist am- 
moniacal atmosphere. . . 
After 30 min in moist am- 
moniacal atmosphere..... . 0.56 in. 

Per cent relaxation is then: 
303 — 2.18 00 
After 15 min, 3.03 
28 per cent 
. 3.03 — 0.56 
After 30 min, 3.03 
82 per cent 
By interpolation, the time to 50 per 
cent relaxation is 21 min = 0.35 hr. 


.2.18 in. 


xX 100 = 


Reproducibility of Results 


In order to show the reproducibility 
of the results to be expected from the 
test, three specimens of 70/30 brass 
were subjected to a 15-min test. This 
was repeated at intervals throughout a 
year. ‘The results are given in Table I. 


TABLE I—REPETITIVE LOOP TESTS 
ON 70/30 BRASS. 


Per Cent RELAXATION IN 15-mMIN TEST 


Grand mean, x.........-.-: 36.49 per cent 
Mean standard deviation 
(of groups of 3),¢........ 5.27 per cent 


Standard deviation (of all 
specimens), o...... ..11.75 per cent 
Number of specimens, n. .. . .66 


(b) 20 min after the admission of 
ammonium hydroxide. 


Fig. 2.—Loop test. 
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TABLE IL—REPRODUCIBILITY OF = a LTS OF STRESS-CORROSION CRACKING These results were plotted on a con- 


a 
trol chart. Two groups were outside 
Test Number of Mess & Standard 100 ¢ the limits for means and three groups 
Specimens Deviation, ¢ x were outside the limits for standard 
Edmunds et al. (1).. 429 213.52 min 33.74 min 15.80 per cent deviation. There was no correlation 
Thompson and Tuas (2). 96 286.99 min 75.47 min 26.57 per cent between per cent relaxation and time of 
66 36.49 per cent 11.75 per cent 32.19 per cent t I 


year, ambient temperature, or any 
aIn this table the results of the I édmunds and the Thompson and Tracy tests are given as ex- 


other identifiable variable. 
posure times in minutes before fracture occurred. The results of bene ar sent test are in per cent 


relaxation during a 15-min. period. The last column gives the coefficient of variation. Since To compare the reproducibility of 
this is a pure number, the actual test result units have been canceled, and the reproducibility the results in this test with results ob- 
of the test results can be compared legitimately. : tained with other equipment, some 


coefficients of variation were calculated. 


— The results are in Table II. 
: Obviously the results of the present 
— test are not as reproducible as those 
made with more elaborate equipment. 
\ They are, however, sufficiently repro- 
100 \ ducible to be informative. 
yt Another measure of reproducibility is 
2 how well tests made at one time check 
3 mi those made a year later. Some results 
4 are given in Table ITI. 
i 
10 — / cent Pb TABLE III.—COMPARISON OF RE- 
SULTS OBTAINED ON TWO DIFFER- 
cent Si ‘ -— 
3 ©/0 per cent N Time to 
a Cause 
—\— Alloy Date 50 Per Cent 
hr 
3.07506" 85/15 Red Brass. . 13/60 153 
Sa 70/5 42/59 0.51 
60/40 Muntz. . 3/60 0 
0! a ak rrors range from 3 to 14 per cent. 
) 10 20 30 40 
Zinc, per cent Some Test Results 
Fig. 3.—Stress-corrosion cracking of brasses and brasses containing a third element, One of the obvious uses of this test is 


in moist ammoniacal atmosphere. to compare the resistance of various 


TABLE IV.—STRESS-CORROSION CRACKING OF COPPER ALLOYS IN MOIST AMMONIACAL ATMOSPHERE BY THE LOOP 
TEST. 


Ss 


Time to 


50 per cent a Composition,* Per Cent ” 
Alloy Relaxation, Zine Tin Lead Aluminum Nickel Silicon Manganese Other : 
hr 


Arsenical admiralty........ 0.30 27.96 1.00 0.04 As 
Aluminum brass... ... 0.60 20.96 2.00 0.04 As 

Leaded brass............... 1.69 29.50 1.50 
Nickel silver, 10 per cent..... 3.2 24.75 10.00 0.25 
Aluminum bronze, 5 per cent.... . 4.08 5.00 
Silicon red brass............. 4.40 17.00 1.00 
Aluminum bronze, 8 per cent. 5.94 wae ete 8.00 
Leaded low brass..... 11.4 20.00 1.50 
Phosphor bronze, 1.25 per cent 12.3 1.25 0.05 P 
Nickel silver, 18 per cent. oa 28.3 7.25 18.00 - 0.25 
Copper-nic kel-silicon . 42.0 1.90 0.60 
Copper-aluminum-tin ......... 48.0 2.00 2.50 
Phosphor bronze, 5 per cent (A). . 128.0 5.00 0.25 P 
Leaded nickel copper............ 158.0 1.00 1.00 0.20 P 
Silicon bronze (B) .. 231.0 1 50 0.25 
Cupro nickel, 10 per cent. = 234.0 aah 10.00 40 1.25 Fe 
Phosphor bronze, 10 per cent (D). 274.0 10.00 : 0.25 P 
Phosphorized copper.......... 312.0 0.02 P 
Silicon bronze (A)............... 354.0 3.10 1.10 <u 
Cupro nickel, 30 per cent........ > 2000 . 0° 30.00 0.60 0.50 Fe 


@ Balance copper. 
» No relaxation at end of 2000 hr. 
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alloys to stress-corrosion cracking in 
moist ammoniacal atmosphere. As 
mentioned previously, a single measure 
of resistance is the time to cause 50 per 
cent relaxation. Table IV gives the 
names, nominal compositions, and times 
to produce 50 per cent relaxation in the 
loop test of 28 common copper-base 
alloys. Procedure for tests was exactly 
as specified in this paper, except that the 
length of some specimens was 5% in. 
instead of 6in. All were from analyzed 
stock of good commercial purity. 

The results indicate that tough pitch 
copper is not susceptible to cracking. 
Alloys containing substantial amounts 
of zine are most susceptible, followed 
by those containing aluminum. The 
best resistance is offered by the high- 


strength and high-nickel alloys and 
copper, 
The results, in Table IV, on the 


binary copper-zinc alloys and on the 
ternary alloys containing substantial 
amounts of zinc have been plotted in 
Fig. 3. The per cent zine is plotted 
against the time, in hours, to cause 
50 per cent relaxation. The points 
representing the binary alloys are con- 
nected with a solid line, so the effect of 
the third element in the ternary alloys 
is at evident. The beneficial 
effect ot substantial amounts of nickel 
could have been predicted. Wilson, 
et al (5), reported the effect of silicon 
in increasing the resistance of brass to 
stress-corrosion cracking. The sub- 
stantial improvement afforded by small 
amounts of lead was unforeseen, and, it 
is believed, has not previously been re- 
ported; indeed, Morris (6) indicated 


once 


that lead was deleterious to brass in 


this respect. The effect of aluminum 
appears to be to reduce resistance to 
stress-corrosion cracking, and the eftect 
of tin is indeterminant. It might be 
noted that the two alloys, admiralty 
and aluminum brass, that are below the 
line, both contain arsenic, and it could 
be concluded that this indicates that 
arsenic is the detrimental constituent. 
This is believed not to be the case. 
Wilson, et al (5), showed that arsenic 
may increase the resistance of brass to 
stress-corrosion cracking. 

Little is known about the stress-cor- 
rosion cracking of copper alloys in any 
kind of natural or artificial atmosphere 
other than ammonia and its congeners. 
It is generally agreed that ammonia is 
necessary to cause stress-corrosion 
cracking and that the use of a strongly 
ammoniacal atmosphere is a legitimately 
accelerated test. Loop tests are now 
being conducted outdoors in Water- 
bury, Conn. Only three alloys cracked 
in the first year, so it can be assumed 
that the test will be a lengthy one. 
In such a test it is not necessary to 
provide a specimen for each time period. 
The specimens can unfastened, 
measured, refastened, and returned to 
test. 


Summary 


A simple test for determining the re- 
sistance of copper alloys to. stress- 
corrosion cracking in moist ammoniacal 
atmosphere has been described. The 
advantages of the test are its simplicity, 
the almost negligible amount of equip- 
ment required, and the quantitative 
measure of the progress of cracking. 
The disadvantages are the inability to 


measure or vary the applied stress and 
the use of cold-rolled specimens. The 
test is believed to constitute a reliable 
accelerated method of determining the 
relative resistance of copper alloys to 
stress-corrosion cracking in natural 
environments. 
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Mr. R. L. Curry.2—The data re- 
ported by Messrs. DeFore and Corah 
offer a plausible explanation for some 
troublesome results of tests performed 
in our laboratory. In the cooperative 
testing of the chemical and physical 
properties of cement, in which twelve 
laboratories including the Waterways 
Experiment Station Contrete Division 
are participating, a cause for concern to 
us has been the fact that our results for 
the air content of the mortar have been 


1M. DeFore and H. Corah, ‘‘A Test 
Method for Air-Entrainment of Standard 
Ottawa Sand,’’ ASTM Buttetin, No. 248, 
Sept., 1960, p. 48 (TP 162). 

2 Chief, Physical Test Section, U. 8. Army 
Engineer, Waterways Experiment Station, 
Jackson, Miss. 


February 1961 


Discussion of Paper on a Test Method for Air-Entrainment 
of Standard Ottawa Sand’ 


lower than the average results. On two 
samples our tests indicated an air con- 
tent of 6.2 and 8.9 per cent, respectively, 
whereas the average values for the 
twelve laboratories were 8.3 and 10.4 
per cent. A systematic study was 
undertaken to see if either our tech- 
niques or apparatus were at fault. 
Results of check tests by three other 
experienced operators were very close 
to those of the operator performing the 
cooperative program tests. The appa- 
atus was then thoroughly checked: we 
recalibrated the flow table, checked the 
volume of the 400-ml flask, tested the 
accuracy of the balances and graduates, 
and inspected room temperature and 


humidity readings for possible abnor- 


malities. Finding no evident reason 
for our low results, we concluded that 
there must have been variations in the 
sands used in the different laboratories. 

We tested our sand in. accordance 
with the method reported by Messrs. 
DeFore and Corah and found that it 
did not entrain any appreciable amount 
of air. The weight of the 400-ml of 
sand mixed with water as specified in 
the method was 797 g before washing and 
798 g after washing. We cannot help but 
conclude that the sand used by some of 
the other laboratories must have en- 
trained a considerable amount of air. 
We are hopeful that further study in 
the future will help us to explore this 
subject more fully. 
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By L. GARDNER and G. TOPOL 


F.. SOME TIME there 
has been an urgent need for a satis- 
factory procedure for the determination 
of small quantities of undissolved water 
in jet fuels. One particular use for 
such a method is in the evaluation of 
filter-separators. These dual-purpose fil- 
ters which remove dirt and undissolved 
water from jet fuels during fuel transfer 
and refueling operations. The evalua- 
tion of such filters usually requires 
performance tests using a test fuel 
contaminated with dirt and undissolved 
water. The amount of contaminant 
recorded in the effluent stream is used 
as a measure of filter efficiency. Dirt 
is usually determined by filtration 
through Millipore filters for total con- 
tamination and by estimating particle 
distribution (1). At the present time 
there is, however, no satisfactory pro- 
cedure for determining the undissolved 
water present in the effluent fuel. 
A considerable number of methods 
(too numerous to list here) have been 
published for determining the total 
water content of fuel. However, the 
number of references to undissolved 
water determinations are very few. 
One of the earlier specifications (2) 
covering filter separators utilized a 
centrifuge procedure for the  undis- 
solved water determination. 
method, however, contains uncontrolla- 
ble sources of error which make its preci- 
sion doubtful. A later specification (3) 
proposes the use of a Karl Fischer 
titration for determining total water, 
corrections being applied for the dis- 
solved water contents. Another method 
(4), which can be used for undissolved 
water determinations, involves passing 
dry air through the fuel until the dis- 
appearance of the water cloud. Of these 
methods, the one using the Karl 
Fischer titration appears to be the most 
suitable for use filter-separator 
evaluation. A brief discussion of this 
method and a comparison with the 
method presented here is given later 
in this paper. 
This paper 


presents a method for 


NOTE-—DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention of the author or authors. Ad- 


dress all communications to ASTM Head- 
quarters, 1916 Race St., Philadelphia 3, Pa. 


‘The boldface numbers in parentheses 
refer to the list of references appended to this 
paper. 


A New Method for the Determination of 
Undissolved Water in Fuels 


A method has been developed for the determination of small quantities 


(ppm) of undissolved water in jet fuel. 


The method is of particular use in 


the evaluation of filter-separator units and appears to have distinct ad- 
vantages over existing methods that employ a Karl Fischer titration. 
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Fig. 1.—-Solubility of water in a typical 


JP-4 type fuel. 


determining “free”? water in jet fuels 
which, from the results obtained to 
date, appears to be satisfactory 
for evaluating filter-separators. This 
method was originated by G. Topol 
of the S. F. Bowser Co. Ltd. and passed 


on to the Fuels and Lubricants Labora- 
tory of the National Research Council 
of Canada for development and evalu- 
ation. 


University. 


GEORGE TOPOL graduated from Prague University in 1949 
with a degree in mechanical engineering. 
S. F. Bowser Co. Ltd. in 1952 and was employed initially in 
Within two years he was 
transferred to the Research and Development Group and is 
His work resulted in several 
patents on equipment for oil purification, fuel filtration and 
water separation, and liquid quality control, and has contrib- 
uted much to the improvement of analytical procedures used 
in the performance evaluation of such equipment. 


the design of new products. 


now director of that activity. 


There are several factors that make 
the problem of developing a suitable 
method particularly difficult, three of 
the main difficulties being: 

1. Undissolved Water Requirement.— 
Most purchasing authorities require 
that a filter-separator be capable of 
removing virtually all the “‘free’’ or 


undissolved water from the fuel. Speci- 
fication requirements for filter-separa- 
tors, therefore, usually stipulate a 
“free’’ water content of 0 to 5 ppm 


in the efuent fuel. Any suitable test 
procedure must be capable of accurately 
determining this low water concen- 
tration. Moreover, this ‘‘free’’ water 
is over and above the normal dissolved 
water content of 50 to 100) ppm. 
To be suitable, any method must thus 
be able to distinguish between ‘‘free’’ 
and dissolved water. 

2. Temperature Effect —Vxamination 
of the solubility-temperature curve 
(Fig. 1) for water in a typical J P-4-type 
fuel, which was derived in the author’s 
laboratory, shows that the water solu- 
bility increases by 1.5 ppm for a 1 
F rise in temperature. The undissolved 
water content of the effluent fuel will 
therefore be dependent upon the tem- 


L. GARDNER was educated at the College of Technology, 
Birmingham, England, graduating in 1953 with a College 
Associateship and B.Sc. (special chemistry) from London 
From 1953 to 1957 he was employed as a 
research chemist in the metal finishing industry. Since 
1957, his work at the Fuels and Lubricants Laboratory of the 
National Research Council of Canada has been in the de- 
velopment of standard methods of analysis for fuels, lubri- 
cants, and associated products. 
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Fig. 2.—-Jig for holding fibrous glass rings. 


perature to such an extent that careful 
temperature control or correction must 
be an important part of any test 
procedure, 

3. Analysis Time.—Water removal 
performance tests are usually of several 
hours duration, and during this period 
effluent samples are taken at frequent 
intervals. To keep up with this sample 
flow, a test method must either be very 
rapid or it must use procedures whereby 
samples can be stored until it is con- 
venient to analyze them. 


Experimental Discussion 


One of the difficulties encountered in 
determining “‘free’’ water in fuel is that 
dissolved water is always present, 
and any chemical method gives a total 
of “free’? and dissolved water. If 
the ‘free’? water could be separated 
from the fuel, the estimation would 
be greatly simplified. Furthermore, 
since the amount of ‘‘free’’ water likely 
to be encountered is so small, the use of 
sufficiently large fuel samples would 
make the total quantity of ‘‘free” 
water collected large enough to be 
measured by normal physical means. 
At the same time it is necessary to 
control the temperature so that the 
dissolved water content does not alter. 

In the Gardner-Topol method the 
undissolved water is separated by ab- 
sorption, using a selective filter material 
which removes the “free’’? water but 
does not affect the water dissolved in 


2 The grade of fibrous glass used is phen- 
olic-resin-treated ‘‘A’’ fiber, density 8 lb per 
cu ft, obtainable from BIRMA Products, 
Buffalo, N. Y. 
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the fuel. The material used for this 
filter is a resin-impregnated glass fabric 
which experiments have shown will 
remove only the “free’’ water. The 
sample of fuel is taken directly from 
the effluent stream, and _ therefore 
the “‘free’’ water is always removed at 
the same temperature as this stream, 
and the problem associated with solu- 
bility variations do not arise. 

The water retained by the fibrous 
glass filter is estimated, using the dis- 
tillation procedure described in ASTM 
Method D 95 (5). 

In Method D 95 the water is separated 
by distilling with a suitable water- 
immiscible solvent and is collected in a 
Dean-Stark trap, where its volume is 
read directly. The “free’’ water con- 
centration is then obtained by dividing 
this water by the volume of fuel 
sampled. The amount of fuel sampled 
will naturally be dependent upon the 
amount of ‘‘free’’ water present in the 
fuel. Normally a minimum of twenty 
liters is taken for fuels having a low 
“free’’ water. 


Method for Determining Undissolved 
Water in Jet Fuel 


Scope 


This method of test is intended for 
use in determining the amount of 
undissolved water present in effluent 
samples taken during the evaluation of 
filter-separators. 


Apparatus 
Fibrous Glass Rings.—1}-in. diameter, 


cut from glass fabric board 3 in. thick, 
with a 3-in. diameter central hole.? 


Jig for Holding Fibrous Glass Rings.— 
(See Fig. 2). 

Condenser.—Straight tube condenser, 
having a jacket at least 400 mm long 
and an inner tube whose outside di- 
ameter is 9.5 to 12.7 mm. 

Trap.—Dean-Stark water trap. 

Flask.—Two-liter, round-bottom, 
short ring neck. 


Reagent 
Xylene, low water content, suitable 
for use in ASTM Method D 95. 


Method 
Dry the fibrous glass rings in an oven 
for 4 hr at 110 to 120 C and store in a 
desiccator until needed. Slacken the 
two retaining nuts on the jig and pack 
the rings to form a uniform cylinder; 
the lowest disk adjacent to the base 
plate of the jig should have no central 
hole. Tighten the two nuts to form a 
compact unit without causing undue 
bulging. Place the jig in a 2-liter flask 
as shown in Fig. 2(6). Connect the 
jig directly to the effluent sample probe 
using the minimum amount of dry 
Tygon tubing. Pass the sample of 
effluent fuel through the rings and into 
a suitable measuring device. Record 
the volume of fuel sampled (including 
the 2 liters in the flask). A flow rate 
of 1 to 4 liters per min should be used, 
depending upon the size of sample 
taken. If it is evident that “free’’ 
water is present in the fuel (that is, 
cloudy appearance or distinct water 
droplets) a 5- or 10-liter sample is 
sufficient. Raise the jig from the 2-liter 
flask, slacken the two retaining nuts, 
and allow the rings to fall to the bottom. 
Stopper the flask and allow to stand 
for 5 min; at the end of this period 
carefully decant the fuel until approxi- 
mately 250 ml remain. Add 750 ml of 
xylene and fit the flask with a condenser 
and water trap as illustrated in ASTM 
Method D 95. Heat the flask and 
contents and reflux, following the pro- 
cedure outlined in Method D_ 95. 
The amount of water is then read di- 
rectly from the graduations in the Dean- 
Stark trap. Remove any water drop- 
lets adhering to the walls of the trap 
with a polyethylene policeman. 

For each performance test a blank 
run should be made using 250 ml fuel, 
750 ml xylene, and the number of fibrous 
glass rings that are used in an actual 
determination. 


Results 
x = volume of water collected, ml, 
y = volume of water from blank, ml, 
V = Volume of fuel sampled, liters, 
Undissolved water content = “+ 


X 10%, ppm. 
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Evaluation of the Gardner-Topol 
Method 


To establish the accuracy and relia- 
bility of this method, it was evaluated 
both in the laboratory and during an 
actual water removal performance test 
of a filter-separator unit. 


Laboratory Evaluation 


Preparation of Samples.—It is diffi- 
cult, if not impossible, to prepare 
samples of jet fuel containing known 
amounts of undissolved water suitable 
for use in evaluating a test method. 
To simply add a known quantity of 
water to a known volume of saturated 
fuel is not sufficient, since it is impossible 
to disperse this water throughout the 
fuel to give a homogeneous stable solu- 
tion. Even if the water droplets are 
small enough to remain in suspension, 
some loss of water will occur through 
absorption on the walls of the contain- 
ing vessel. Fuels can treated so 
that “free”? water will form a fairly 
stable cloud. Such solutions would be 
quite suitable, however the ‘“free’’ 
water content must be determined by an 
alternate method. Some results have 
been obtained in this way using ‘free’ 
water values determined by a Karl 
Fischer procedure. They are 
later in the paper. 


be 


given 


Water Injection Procedure 


In an attempt to circumvent the 
preparation of standard fuel samples 
and to avoid reference to an alternate 
method of “free”? water determination, 
a procedure was used which, in the 
author’s opinion, gives a satisfactory 
alternative. The apparatus used (Fig. 
3) consists of a small pump which pumps 
clean saturated fuel from a large glass 
bottle through the fibrous glass ab- 
sorbers. Known quantities of fuel 
can therefore be sampled. A known 
amount of water is added upstream of 
the filter by injection through the Tygon 
tubing. This water is added in small 
increments throughout the period of 
sampling by means of a hypodermic 
syringe. 

We therefore have a known volume 
of saturated fuel containing a known 
amount of undissolved water passing 
through the absorbers. The water 
collected in the absorbers is then de- 
termined by distillation and compared 
with the known amount of water added. 
As a check on the effect of the absorbers 
on the dissolved water in the fuel, and 
also to see whether any “free” water 
is passing through the absorbers, the 
water content of the fuel upstream of 
the water addition and downstream of 
the absorbers was determined by a 
Karl Fischer procedure. 


Performance Test Evaluation 
The Gardner-Topol method was used 
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TABLE I.—RESULTS FROM WATER INJECTION PROCEDURE. 


Dissolved 


Fuel Water Added Water Collected Water Content 
Volume, ml ppm ml ppm __(Karl Fischer), ppm __ 
liters Influent Effluent 
(0.05 3 0.05 3 76 78 
6 0.08 5 74 75 
0.50 31 0.50 31 75 73 
1.00 62 1.00 62 74 72 
(0.10 2 0.09 2 75 7 
40.50 ll 0.51 11 75 76 
{| 0 0 0 0 76 76 
TABLE II.—RESULTS FROM CLOUDY FUELS. 
‘Free’? Water Dissolved 
Fuel Description Content, ppm _ Water Content 
Volume, of Fuel Karl Absorption (Karl Fischer), ppm 
liters Fischer Method Influent Effluent 
16...... Heavy cloud 874 833 76 75 
10...... Medium cloud 62 60 76 75 
Sere Medium cloud 38 42 75 76 
ree Clear fuel, lacks 9 11 76 77 
lustre 
TABLE III.—RESULTS OF THE PERFORMANCE TEsT. 
Water by Gardner—-Topol Method 
Time, Water by Karl Fischer Sample “Free” 
min _____ Method, ppm - Run, Blank, Volume, Water, 
Total Dissolved **Free”’ ml mil liters ppm 
10. er 61 52 9 0.25 0.05 20 10 
20.. 70 52 18 0.33 0.05 20 
30. 66 52 14 0.32 0.05 20 13 
40 69 53 16 0.30 0.05 20 2 
50 66 53 13 0.25 0.05 20 10 
60 60 53 7 
70 56 5 0.11 0.05 £3 
80 ; 57 56 1 0.12 0.05 20 4 
90. 0 59 56 3 0.08 0.05 20 > 3 
100...... 57 56 1 0.08 0.05 20 2 
110. 58 56 2 0.08 0.05 20 2 
120. 58 56 2 
2 Average. 3 


|Saturated JP-4 Fue! 


Hypodermic Syringe 


O; 


ump 


Fig. 3.—Apparatus used in water-injection procedure. 


to determine undissolved water content 
of fuel during the performance testing 
of an actual filter separator. The per- 
formance test consisted of a 2-hr run; 
during the first hour the influent fuel 
was contaminated with 0.5 per cent by 
volume of water, and with 0.01 per 
cent during the second hour. Samples 
were taken for analysis by the Karl 
Fischer procedure every 10 min, and 
the effluent fuel stream was analyzed 
by the Gardner-Topol method between 
these samples. 


Results. 


Laboratory Evaluation 


Results obtained by the water in- 
jection procedure are given in Table I; 
results from cloudy fuel are given in 
Table II. Table III shows performance 


test results. 


Discussion of Results 
Water Injection Procedure 


The results presented in Table I 
show that there is excellent agreement 
between the amount of water added and 
that determined. The Karl Fischer 
values show that there is no significant 
difference in the water content of the 
fuel upstream of the water addition 
and downstream of the water removal. 
This indicates (1) that no dissolved 
water is removed by the absorbers, 
and (2) that no “free’’ water passes 
through the absorbers. 


Cloudy Fuel Samples 


Good agreement is shown (Table II) 
between the Karl Fischer and Gardner- 
Topol methods. The Karl Fischer 
method was performed under ideal 
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conditions, insomuch as the “free” 
water was present as a cloud and a 
uniform sample was obtained without 
addition of alcohol. The question of 
alcohol addition in relation to the Karl 
Fischer method is discussed later. 
The dissolved water content, as de- 
termined by the Karl Fischer proce- 
dure, again confirms the ability of the 
fibrous glass to remove selectively only 
“free” water. 


Performance Test 


Good agreement between the Karl 
Fischer and Gardner-Topol results was 
again established. The Karl Fischer 
samples were analyzed without the 
addition of alcohol, since they were 
quite homogeneous. 


Karl Fischer Procedure 


It wiil probably be convenient at 
this point to discuss the Karl Fischer 
method for determining “‘free’’ water, 
in order that a comparison can be 
made between it and the Gardner- 
Topol method. 

The Karl Fischer method is probably 
the most widely used and most satis- 
factory method available for determin- 
ing total water content in various 
materials (6). Modifications of the 
Karl Fischer procedure have been de- 
veloped for determining dissolved water 
in jet fuels within the range of 0 to 
100 ppm, with a repeatability of 
+2 ppm. However, the Karl Fischer 
method is not selective—it determines 
total water content. Therefore, to 
determine undissolved water, a cor- 
rection must be. applied for the dissolved 
water. This correction is usually ap- 
plied by reference to a predetermined 
temperature-solubility curve for the 
particular test fuel at the temperature 


of, sampling. This in itself widens the 
repeatability of the method to +4 ppm. 

One difficulty encountered with the 
Karl Fischer procedure as applied to 
“free”? water determinations is the 
homogeneity of the sample. If “‘free’’ 
water is present in the fuel it may occur 
as large water droplets which will 
rapidly settle on the bottom and walls 
of the sampling vessel. Not only are 
these droplets difficult to remove, but 
some of this water is absorbed by the 
containing vessel. The extent of the 
water loss is naturally increased with 
the time of standing, which may be 
quite considerable during a performance 
run when the sample flow is fairly rapid. 

To overcome this difficulty, a mixture 
of methanol and isopropanol is added to 
the sample to obtain a homogeneous 
mixture, and a correction is applied 
for the water content of the alcohol 
added. However, the addition of the 
alcohol mixture decreases the precision 
of the method, since such a mixture 
has a high water content compared with 
that of the fuel. The total water 
content of the sample is therefore in- 
creased, and the error in determining 
the amount of undissolved water be- 
comes greater. Other errors also occur 
through alcohol addition, such as varia- 
tion in its water content and inaccuracies 
in obtaining the quantity added. 


Conclusion 


The method for determining un- 
dissolved water in jet fuel presented in 
this paper appears, from results ob- 
tained to date, capable of giving reliable 
and accurate results suitable for use 
in filter-separator evaluation. 

The three main advantages over 
Karl! Fischer procedures are: 

1. The accuracy is not affected by 


any lack of homogeneity in the fuel 
samples. 

2. After the effluent stream has been 
sampled, the fibrous glass absorbers 
can be stored in the 2-liter flask until 
it is convenient to carry out the distilla- 
tion. This is an important factor in 
the testing of filter separators since the 
flow of samples is usually rapid. 

3. The “free’’ water is removed at 
the same temperature as the effluent 
stream; temperature variations are 
therefore automatically controlled and 
need not be corrected for. 

One disadvantage of the Gardner- 
Topol method is that, owing to the 
large sample required, a large vessel 
is necessary to measure the sample 
volume. However, this can be avoided, 
if desired, by feeding the sample back 
into the filter line and using a flowmeter 
to measure the sample volume. 
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~COMMENT 


Efficiency Uber Alles 

A TONGUE - IN - CHEEK 
article by Larry Jeffries, electrical 
engineering student at Kansas State 
University, which appeared in the 
December 1960 issue of the Kansas 
State Engineer, seems worth quoting 
here. Under the title “How To Be 
Efficient with Fewer Violins,’ the 
article purports to be the reaction of a 
methods engineer to his first symphony 
concert: 

“For considerable periods the four 
oboe players had nothing to do. The 
number should be reduced and the work 
spread over the whole of the concert, 
thus eliminating peaks of activity. 

‘All the twelve violins were playing 
identical notes; this seems unnecessary 
duplication. The staff of this section 
should be drastically cut. If a larger 
volume of sound is required, it could be 
obtained by electronic apparatus. 

“Much effort was absorbed in the 
playing of demisemiquavers; this seems 
to be an unnecessary refinement. It is 
recommended that all notes should be 
rounded up to the nearest semiquaver. 
If this were done it would be possible 
to use trainees and lower-grade opera- 
tives more extensively. 

“There seems to be too much repeti- 
tion of some musical passages. Scores 
should be drastically pruned. No useful 
purpose is served by repeating on the 
horns a passage which has already been 
handled by the strings. It is estimated 
that if all redundant passages were 
eliminated the whole concert time of two 
hours could be reduced to 


twenty 


minutes and there would be no need for 
an intermission.” 

Mr. Jeffries’ needle is so sharp we 
laugh as it slips in. Obviously a 
farce. Certainly none of the engineers 
we know are so oblivious to the dif- 
ference between a work of art and a 
Plan of Action, none so devoid of those 
feelings that make man something more 
than just a highly organized intelligence. 
Efficiency is, of course, much to be 
desired, yet it, like all good things, has 
its limits of application. We all 
realize that. 

Still, there comes to mind that 
lovely group of elms that used to shade 
the corner across from the post office. 
They cut them down last vear to clear 
the way for another gas station. And 
do you remember that little plot of 
green down near the creek where you 
used to play marbles between the 
rusty benches and the Civil War cannon? 
The land now looks much more effi- 
cient with a tidy coating of asphalt 
and the orderly rows of parking meters. 

Other things rush to mind. Televi- 
sion, for example, is so much more 
efficient a means of communication 
than the old, laborious method of 
reading books. And for getting from 
point A to point B, an automobile has 
it all over a walk through the woods. 

But we are out of step with the times. 
Efficiency is the thing. And Progress. 
Still, we were glad to see a young 
engineering student taking the trouble 
to temper our enthusiasm for the Brave 
New World. 

A.Q.M 
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Water-Vapor Transmission Testing 


This report contains the results of four round-robin testing programs in 


nine different laboratories on water-vapor transmission through various 
materials. Tests were in accordance with ASTM Tentative Methods of 
Test for Water Vapor Transmission of Materials Used in Building Con- 
struction (C 355).2. Results for both the Water and Desiccant Methods 
are reported. Testing temperature ranged from 70 to 90 F. 

The results show the variability of the method and faults in its applica- 
tion. This report is primarily concerned with round robin No. 4, which 
benefited from the experience obtained. However, the three earlier 
programs are also reported to illustrate the problems and indicate progress 


made. 


ASTM Commirree C-16 
on Thermal Insulating Materials is 
vitally concerned with the migration of 
water vapor and its condensation in 
the insulation of buildings and other 
structures where such a hazard exists. 
Vapor barriers used for the protection 
of insulation are normally thin mem- 
branes, and tests for them are provided 
in ASTM Tentative Methods of Test 
for Measuring Water Vapor Transmis- 
sion of Materials in Sheet Form (EF 96).* 
Many insulating or structural materials 
also resist water-vapor migration, and 
their permeability rating is determined 
by Methods C 355.2. This method is 
administered by Committee C-16, while 
Methods E 96 is under the jurisdiction 
of Committee E-1 on Methods of 
Testing. 

Subcommittee T-[X on Vapor Trans- 
mission, having responsibility for water- 
vapor transmission test methods within 
the scope of Committee C-16 has con- 
ducted four round-robin tests in as 
many years with the following objec- 
tives: 

1. To check the adequacy of test 
methods. 

2. To investigate sealing techniques. 

3. To compare laboratory equip- 
ment and procedures. 

4. To improve practices by dissemi- 
nating information on methods and 
hazards in their application. 

The following summary briefly de- 
scribes the four round-robin tests, show- 
ing their completion dates. 

Round Robin No. 1(1955) 

Six laboratories tested seven low- 
permeance membranes of wide diversity 

1 A report of the results of four round-robin 
test programs, prepared for ASTM Com- 
mittee C-16 on Thermal Insulating Materials 
by «¢. A. Joy, Engineering Experiment 
Dept., The Pennsylvania State University, 
and A. W. Sherdon and F. M. Gavan, Arm- 
strong Cork Co., Lancaster, Pa. 

2 1959 Supplement to 1958 Book of ASTM 
Standards, Part 5, p. 145. 

81958 Book of ASTM Standards, Part 4, 
P 1329; Part 5, >. 1049; Part 6, p. 950; 

art 8, p. 1528; Part 9, 1921; Part 10, p 

1422. 
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of character and thickness ranging from 
“duplex paper” to polyethylene using 
both dry-cup and wet-cup procedures. 


Round Robin No. 2 (1956) P 
Seven laboratories tested four thick- 

nesses Of Mylar (polyester) film using 

both dry-cup and wet-cup procedures. 


Round Robin No. 3 (1957) 


Four laboratories tested a sheet of 
Mylar (polyester) by the dry-cup and 
wet-cup procedures using three basic 
sealing techniques (with variations). 
Round Robin No. 4 (1958) 

Eight laboratories tested two thick- 
nesses (} in. and 0.01 in.) of cellulose 
acetate sheet by the dry-cup and wet- 
cup procedures. 


Results 


The results of each round robin are 
presented in separate tabulations; each 
participating laboratory is identified 
by the same number throughout. 


Round Robin No. 1 (Table I) 

This program was started as an 
inquiry into the effectiveness of typical 
vapor barriers used in industrial appli- 
cations. Some materials were shop 
assembled with asphalt, representing 
current practice. Exact duplication 
among specimens was impossible, al- 
though the variation probably did not 
exceed a 3 to 2 ratio in any case. A 
full description of these specimens is 
not attempted. The wide range of 
test results (with the maximum per- 
meance for a given material at least 3 
to 10 times the minimum) indicated 
a need for critical review of the proce- 
dures used, 


Round Robin No. 2 (Table II) 

To assure a high degree of uniformity 
of test specimens, plastic films were 
chosen for this program. Two thick- 
nesses of Mylar (polyester) were tested 
by five laboratories, and three other 
thicknesses (from different procure- 
ments) were tested by three other lab- 


oratories. The film thicknesses in the 
latter group were determined more ac- 
curately. The difference of source is not 
considered significant. The results in 
this and subsequent programs are shown 
as permeability (permeance X _ thick- 
ness) in order to correlate the several 
thicknesses tested. The average dry- 
cup permeability as determined by the 
several laboratories ranged from 0.52 
to 1.62 perm-mils, the ratio being 3 to 1. 
The wet-cup results ranged from 0.70 
to 19.2, the maximum being 27 times 
the minimum. Suspecting fault in its 
thicker wet-cup specimens, laboratory 
No. 7 passed them to No. 6 where they 
were tested at 1.47 perm-mils. They 
were then returned to laboratory No. 7 
and retested at 4.14 perm-mils. 

An inspection of these results shows 
a major difficulty in sealing the speci- 
men to the cup. Results from every 
dry cup sealed with rubber exceeded the 
average result from any laboratory 
using wax sealing. With one exception, 
the same fact is noted for wet cups, and 
the variation among those sealed with 
rubber is extreme (even after excluding 
the first tests of laboratory No. 7). 
These results strongly indicate the 
unreliability of the flat rubber gasket 
for a film of this kind. 

The results from wax-sealed dry cups 
ranged from 0.52 to 0.87 perm-mil 
(a 65 per cent rise) while the waxed wet- 
cup results ranged from 0.74 to 1.10 
perm-mils, a 49 per cent rise. For fur- 
ther analysis, one is tempted to consider 
the average or the median from the four 
laboratories using wax. This action 
would be justified if the specimens were 
not truly alike. Accepting them as 
duplicates requires consideration of the 
most likely sources of error in the meas- 
urements on which the permeability 
calculation is based. This calculation 


is: 


WL 
Permeability = AaP 
where: 
W = weight of vapor transmitted, 


grains per hr, 

L = film thickness, mils (0.001 in.), 

A = exposed area, sq ft, and 

AP = vapor pressure difference, in. Hg. 
It is doubtful whether large errors would 
occur in the measurement of W, L, 
or A, but leakage due to imperfect 
sealing always leads to a high value of 
W. Since leakage is a major hazard, 
preference must be given to the lower 
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results in the table. However, the 
determination of AP is difficult. It 
requires the measurement of the vapor 
pressure in the room or cabinet, and a 
20 per cent error can easily occur with 
some equipment. When a dry-cup and 
wet-cup test are run simultaneously, 
one result may then be 25 per cent high 
and the other 17 per cent low (if the 
room humidity is nominally at 50 
per cent RH). Therefore, in the com- 
parison of laboratories, the lowest dry- 
cup permeability obtained is not the 
only basis for preference unless the wet- 
cup result is also the lowest. Thus, the 
results from laboratory No. 1 are sus- 
pect. 

If the stock is the same and the film 
thicknesses are exactly measured, the 
dry-cup permeabilities of both films in a 
given laboratory should be the same. 
The wet-cup permeabilities should also 


be alike. Unequal values indicate 
error in film thickness or inconsistent 
work in that laboratory. 

Film thickness is substantially elimi- 
nated by taking the ratio of the wet- 
cup to dry-cup permeability for each 
film. This ratio of average test results 
is shown in Table IT. It evaluates the 
consistency of the work in a given 
laboratory. Since this ratio is unique 
for a given material, it must be the 
same for thick or thin specimens. A 
satisfactory equality (within 10 per 
cent) is a necessary condition for fur- 
ther evaluation of the results from any 
laboratory. Laboratories No. 3 and 
No. 4 are within this range, and No. 2, 
which is barely outside, should not be 
arbitrarily dismissed. 

But consistency does not mean cor- 
rectness. Laboratories that qualify as 
stated above may present different wet- 


TABLE I.—ROUND ROBIN NO. 1. 


Relative _ 


dry ratios. Such difference is likely to 
be the result of error in measuring AP 
in one (or both) laboratories. If agree- 
ment is close on the dry-cup results, the 
measurements of exterior vapor pres- 
sure are probably equally correct. 
Then the disagreement arises from the 
vapor pressure in the wet cup, due to 
unknown water temperature or purity 
or due to condensation on some films. 
Evaluated on these bases, the results 
of laboratory No. 2 are questioned on 
two counts: (1) dry-cup values are 
0.71 and 0.87, a difference of 22 per cent, 
and (2) the wet-dry ratio is 11 per cent 
higher for the thick film. The results 
of laboratories 3 and 4 satisfy the tests 
reasonably well and are in good agree- 
ment, especially if one thick specimen 
in laboratory No. 3, having a dry-cup 
permeability of 0.88 perm-mil, is 
thrown out because of probable leaks. 


Part t—Dry-Cup PERMEANCE, PERMS 


Humidity, 


Tempera- per cent : 
ture, Outside Inside __ Materials Code* 
Laboratory deg Fahr Cup Cup Specimen A B Cc D E F G 

No. 1 : 90 50 0 ! 1 0.131 0.023 0.036 0.026 0.159 0.029 
2 0. 209° 0.042° 
1 0.822 0.137 0.060 0.077 0.088 0.020 0.019 

No. 2 90 50 0 1/2 oes 0.171 0.047 0.334 0.163 0.238 0.302 
3 0.181 0.049 0.077 0.072 


0.029 


{Average 


0.163 0.055 0.163 0.108 0.129 0.117 
1 0.020 0.085 0.031 0.052 0.034 0.20 0.019 
No. 4 80 50 0 2 aaa nat 0.025 0.038 0.028 0.21 0.031 
Average 0.028 0.045 0.031 0.21 0.025 
l 0.068 0. 065 0.031 0.025 0.046 0.475 0.02 
No. 5... 85 68 0 {2 0.021 0.130 0.039 0.042 0.037 0.42: 0.04¢ 
3 0.040 0.085 0.035 0.025 0.041 0.45° 0.11° 
{Average 0.043 0 093 0.035 0.031 0.041 0.45 0. 06° 
i. 93 53 0 fl 0.20 0.05 0.05 0.1 0.4 0.06 
0.1 0.1 
(1 0.187 0.213 0.53 0.107 0.027 0.67 0.10 
No. 7 90 0 0 |2 0.16 0.133 0.53 0.133 0.027 0.73 0.11 
Average 0.173 0.173 0.53 0.120 0.027 0.70 0.20 
Ratio: Maximum Average to Minimum Average... 41.0 2.¢ 23 5.2 $.1 §.4 8.0 


Part Il—Wet-Cup PERMEANCE, PERMS 
Ne. ¥...% 80 100 50 fl 2 90 0 045 
2 7.214 0.0774 
(1 0.083 0.22 0.18 0.11 0.20 0.96¢ 0.012¢ 
No. 4. 80 93 50 }2 oe ales 0.15 0.11 0.16 1.01¢ 0.026¢ 
Average 0.17 0.11 0.18 0.998 0.019° 
f 0.13 0.30 0.59 0 2.28 0.85 0.01 
No. 5.... 85 100 68 2 0.11 0.28 0.56 0.1 1.57 2.41 0.13 
é 0.18 7$ ) 3 0 0.04 


Average 0.14 0.46 0.56 


0.13 2.48 1.41 0.06 


0.00 
0.05 


0.0 


: P 1 0.44 2.66 .387 0.273 2.43 2.80 0.54 

| eee 90 100 50 B 0.97 2.13 0.387 0.160 2.64 3.12 0.16 

{Average 0.71 2.40 0.387 0.187 2.53 3.47 0.36 
Ratio: Maximum Average to Minimum Average............ ie 8.5 11 3.3 7.8 14 §.1 19 


* Materials Code: A, cut-back asphalt; B, coated tape; C, vinyl mastic; D, asphalted felt; E, emulsified asphalt; 
G, black polyethylene. 


> Relative humidity was 78-0. 
© Relative humidity was 76-0. 
4 Relative humidity was 100-78. 
* Relative humidity was 100-50. 
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F, brown duplex paper; 
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TABLE II.—ROUND ROBIN NO. 2. PERMEABILITY OF MYLAR (POLYESTER) FILM. 


Cabinet or Room Permeability, perm-mils _ Wet to 
Film Temp., RH, Area, Seal Dry Cup Wet Cup Dry 
Laboratory Thickness, mils deg Fahr per cent sq in. Type Each Average Each Average Ratio 


0. 
Wax 0. 


90 52 7.6 


90 52 7.6 Wax 


62 
59 


.62 


0.61 


1.17 1.10 1.80 


04 


Wax 


Wax 


Wax 


Wax 


Wax 


Wax 


to 


90 62 4.9 Rubber? 


Rubber? 


29 Wax 


Wet cup inverted......4 ... 


® Flat rubber gasket. 


TABLE III.—ROUND ROBIN NO. 3. 


COMPARISON OF SEALS FOR TESTING 8 
MIL MYLAR FILM ON 4.9 SQ IN. CUP.* 


Average 
Permeability 
perm-mils 


Round Robin No. 3 (Table III) 


a Laboratory Seal type Dry Cup Wet Cup the same 8.6-mil thickness of Mylar 
“4 = (Wax 1.15 (polyester). A wide range of results a 
sta ") Flat rubber gasket above film ves 3.63 is shown in Table III, the lowest value, 
{Rubber O-ring above fiim 2.94 
#! Tax 1.11 - 0.96 perm-mil for a dry cup, being ob- 
i Ne Ae eee er ) Flat rubber gasket above film 2.44 8.5 tained with a combination of flat rubber 
j ) Rubber O-ring above film 1.20 ~ 1 sili ‘ Howev 
(Rubber O-ring below film 1.22 2 84 gasket and silicone grease. owever, 
{ (Flat rubber gasket above film 2.88 des grease cannot be recommended for 
No. 7 above, silicone grease below general use. On a wet cup, the lowest 
(Rubber O-ring 2.21 values for each seal are 1.15 perm-mils 
ai i for wax, 2.0 for a flat rubber gasket, and 
td No. Gasket REMARKS 2.8 for an O-ring. Considerable pres- 
No. 6 1 O-ring High pressure in cup, 0.19-in. bow 3.3 eure developed in several of the metal 2 
ae 1” O-ring Pressure released, surface warped 3.7 cups tested in laboratory No. 6, indica- a3 
: 13 O-ring High pressure in cup, 0.19-in. blow High j ¢ j sible weigh a 
13° O-ring Cup machined for tighter seal 31.0 ting gas generation and ut 
14 O-ring High pressure, 0. 23-in. bow 4.2 loss by its escape. From these results it Mey 
14? ed specimen, flat no pressure 8.6 appears that the only satisfactory seal 
15 -ring igh pressure, 0.18-in. bow 5.3 
15° O-ring Desiccant method, flat surface els found for this film is wax. Other films 
406 Flat-ring Slight bow in surface film 12.0 may be more easily sealed. 
406° Flat-ring Medium pressure, pinholes (?) 40.+ 
302‘ Flat-ring Light pressure, 0.10-in. bow 2.2 Round Robin No. 4 (Table IV) 
201 Flat-ring Nearly flat, 0.02-in. bow 2.0 
2 Cabinet conditions in each laboratory approximately the same as in round robin No. 2. In this program cellulose acetate was 


> Repeat test. 
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This program was a study of sealing 
methods, introducing a cup of modified 
design with a rubber O-ring. Four 
laboratories participated, all testing 


used because of its higher permeability 
119 


(1. 1 
; (1.2 90 49 4.9 Rubber® {1-0 1.00 * 
(1.6 5.4 
(7.6 90 49 4.9 Rubber? 41.4 1.39 9. 
| (1.2 1.4 
1.20 
(1. 2 90 50 4.9 Rubber? {ia 1.21 1.6 
(1.67 
(7.6 90 50 4.9 Rubber? 1.44 1.62 17. a 
ite 17. 


7 = 

0 
anges 1.04 
(7.6 0.52 0.52 1.06 1.06 
10.50 1.06 | 
ae (0.88 1.07 
aaa (1.2 90 50 20 || \0.82 0.87 1.02 1.05 1.21 
{0.70 0.99 
(7.6 90 50 20 0.69 0.71 0.99 0.96 1.35 
\0.74 0.91 
0.74 0.71 
(0.95 70 50 28 = 0.67 0.73 0.69 0.70 0.96 < 
a 0.76 0.81 
(3.25 70 50 28 iz 0.74 0.79 0.75 0.78 0.99 
0.72 0.72 
(0.95 80 51 28 = 0.67 0.70 0.74 0.74 1.06 a 

(0.73 0.72 

(3.25 80 51 28 0.73 0.78 0.77 1.06 

0.71 0.81 
(0.91 1.46 
|| 40.92 0.93 1.44 1.43 

\7.6 90 62 4.9 1.60 0.98 1.06 0.66 
1.37 

73 50 74 0.71 0.78 0.73 1.03 

0.69 0.68 
0.87 
0.78 

q 


TABLE IV. 


ROUND ROBIN 


NO. 4. 


PERMEABILITY OF CELLULOSE 


ACETATE. 


Cabinet or Room 


per cent 


Temp., 
Laboratory deg Fahr 


t-In. Thickness 


Permeability, 
perm-mil 
Wet-Cup 


Area, 
sq in. 


Seal 
Type 


Dry-Cup 


10-Mil Thickness 


Ratio Permeability, 
wet to perm-mil 
dry Dry-Cup 


90 52 


9.6 Wax 


Average. . 39 


Average. 


Wet-Cup 


Ratio, 
wet io 
dry 


to 


No. 4 80 52 28.0 Wax £40 92 46 104 
Average.......40 93 2.33 46 106 
No. 5 92 862 135.0 Wax {35 82 53 109 


100.0 


4S 113 
45 113 
47 113 
1.88 47 113 


29.0 Wax’ 442 7 
40 79 
Average. 42 79 
29 198 
Wax 442 164 


Average..... 


181 


* Room at 86 per cent relative humidity; results cannot be compared with other laboratories. 


> Wet-cup tests used Thwing-Albert cup, 4.7 sq in., with rubber gasket. 
© Wet-cup tests of 8-in. specimens used asphalt mastic seal. 


TABLE V. 


RANGE OF LABORATORY 
AVERAGES. 


Permeability, Ratio, 
Nom- perm-mil Maxi- 
Test inal — mum 
Type  Thick- Mini- Maxi- to 
ne: mum mum Mini- 
Average Average mum 
Dry 
cup. .10 mils 33 47 1.42 
Dry 
cup. ..# in. 37 46 1.24 
Wet 
cup. .10 mils 96 118 1.23 
Wet 
cup. .¢ in. 79 212 2.68 


and its availability in a }-in. thickness. 
Eight laboratories participated. All 10- 
mil specimens were cut from the same 
roll, and the }-in. specimens were cut 
from eight sheets purchased at the same 
time from the same supplier. This 
procedure indicates a high degree of 
specimen uniformity. Armstrong Cork 
Co. obtained and distributed the speci- 
mens, testing one from each sheet of the 
thick stock. 

Since the specimen thickness as 
measured by the several laboratories 
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TABLE V1.—PE 


100) 


R CENT VARIATION WITHIN EACH LABORATORY. 
— MINIMUM , 


MINIMUM 
Laboratory No. 1 No. 3 No. 4 No. 6 No. 7 No. 8 No. 9 
Dry cup, 10-mil sheet rj 5 0 18 23 8 58 
Dry cup, #-in. sheet... 7 3 0 19 24 6 45 
Wet cup, 10-mil sheet... 10 8 6 32 13 0 18 
Wet cup, t-in. sheet... 12 10 2 14 140 3 25 
Average variation..... 9g 6 2 21 50 4 36 


suggested imperfect methods, the nomi- 
nal thickness (in mils) was used in all 
calculations to obtain the permeability 
(permeance X thickness). 

The range of the laboratory averages, 
except No. 5, are shown in Table V. 

A better agreement among labora- 
tories than had been found in earlier 
programs indicates progress. And this 
progress was achieved in spite of great 
difficulty in sealing the thicker sheet to 
a cup. Cellulose acetate is markedly 
hygroscopic and swells with water sorp- 
tion. On a cup, the thick sheet bows 
and breaks a wax seal, which must be 
repaired again and again before equilib- 
rium is reached. Laboratory No. 8 
replaced the wax with an asphaltic seal- 


TABLE 
AVERAGES. 


VII.—LABORATORY 


Dry-Cup 
Permeability, 


Wet-Cup 
Permeability, 


__perm-mil perm-mil _ 
10- 10- 
t-in. mil t-in. mil 

sheet sheet sheet _sheet 

No. 1 39 334 97 96 
No. 3 38 45 81 99 
No. 4 40 46 93 106 
No. 8 42 47 79 113 
Average 40 46 88 104 

variation, 

per cent +5 +2 +10 +8 


2 One value is omitted from the average, 
being inconsistent with the other results. 


ant (Novoid C J Compound, medium 
soft) for the thick sheets on wet cups 
and obtained the lowest permeability. 
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‘ 
— 
40 26 32 90 
No. 1 {38 104 33 
92 34 99 
83 
138 77 
39 81 
9 
: No. 3.. a 70 49 28.0 Wax {38 85 46 103 oe 
139 79 45 100 
39 83 45 95 
(38 78 acid 44 99 ea 
38 81 2.13 45 99 2.20 
1.93 
(40 100 10 124 
No. 6 90 50 Wax (48 88 35 
S Average.......44 94 2.14 36 112 3.11 a 
: (46 212 30 97 oe 
No.7 90 49 27.0 Wax? {51 300 37 100 oe 
41 125 ; 34 110 
Average.......46 212 4.61 34 102 3.00 
13 79 
No.8 73 50 
2.41 
{| 41 130 
No. 9..... 90 50 38 110 
j 40 1S] 60 113 
FC = 4.90 46 118 2.57 : 


Laboratory No, 7 used a rubber gasket 
for both sheets on wet cups, obtaining 

the highest results for thick sheets but a 

normal value for thin sheets. Leakage, 

the bane of rubber gaskets, is of course 

more evident for the thick 0.7-perm 

sheet than for the thin 10-perm stock. 

To determine the most reliable results, 
consistency within each laboratory 
should be examined, noting the dif- 
ference between its highest and lowest 
test results in each group of duplicate 
tests. Table VI shows this variation. 
In four laboratories (Nos. 1, 3, 4, and 
8) the average variation is less than 10 
per cent. indicating more consistent 
techniques. 

Further selection of the “best’’ results 
is not feasible, since the formulations of 
the two sheets appear to be different. 
It is valuable, however, to reassemble 
the averages as in Table VII. 

While low values generally deserve 
preference where sealing faults may 
occur, in the case of the 4.6-perm sheet 
the effect of leakage would be minor. 
The variation of the high and low results 
from the average does not exceed 10 
per cent, the largest variations being 
found in wet-cup tests. 

The results from laboratory No. 5 were 
omitted from these comparisons since its 
room relative humidity was 86 per cent, 
increasing the average relative humidity 
to which the film is exposed on both 
dry and wet cups. The effect should be 
increased permeability on both types of 
cup. On dry cups, this is clearly evi- 
dent in the results shown. It is not 
surprising that this effect does not show 
in the wet-cup results, since the calcu- 
lated vapor-pressure difference, being 
small, may have a large percentage error 
with only a slight error in the measure- 
ments. 


Conclusions 


1. The results of these four round 
robins show progress toward agreement 
among the participating laboratories. 
However, a wide gap remains. The 
test method is believed to be satis- 
factory, but laboratory equipment and 
techniques need to be improved. 

2. In low-permeance testing, the 
principal pitfall is in sealing the speci- 
men to the cup. Hot wax is favored 
for most applications, but other seal- 
ants merit investigation. Pressure seals 
ere not generally reliable. 

3. The determination of vapor pres- 
sures can be the cause of considerable 
error. Good measurements require 
steady conditions and refined tech- 
niques. 

4. Itis hoped that a standard water- 
vapor transmission specimen can be 
found which will enable any laboratory 
to check its methods. A Mylar (poly- 
ester) film offers promise for this pur- 
pose. 


February 1961 


TABLE VUI.--RETEST OF CELLULOSE ACETATE AFTER 1 YR IN LABORATORY 
NO. 8. 


i-in. Thickness; Permeability, perm-mil 
Specimen Wax seal Asphalt seal 


10-mil Thickness; Permeability, perm-mil 


Specimen Wax seal Asphalt seal 


Dry cup 
30 (43)¢ 33 7 35 (49)4 39 
35 (42)¢ 31 39 (45)4 43 
31 (40)* 9. _37@7 
Variation, 
per cent? 20 3 10 20 
Age effect, 
per cent —21 -—13 
Wet cup 
q 64 67 (79) 10 - 62 (113) 87 
58 66 (78)¢ 92 (113)? 96 
Average 61 67 (79)? 85 (113)¢ 89 
Variation, 
per cent? 10 2 65 14 
Age effect, 
per cent —15 —25 
Ratio, wet 
todry.. 1.90 2.10 2.30 2.28 


“ Parentheses inclose original permeability in round robin No. 4. 


® (Maximum — Minimum) 


— xX 100 per cent. 
Minimum 
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APPENDIX 


IN THE sTUDY of results from 
the fourth round robin, laboratory No. 8 
raised a question whether age or hysteresis 
(due to previous exposure) is a factor in the 
water-vapor transmission of cellulose 
acetate. There was also a question 
whether asphalt used to seal thick speci- 
mens to wet cups might penetrate the 
specimen or contaminate the water. 

These questions were investigated in 
laboratory No. 8 by a retest of all speci- 
mens that had been stored 1 yr in drawers 
in a room controlled at 73 F, 50 per cent 
RH. All specimens were cut down to fit a 
3.5-in. diam cup and each tested on a wet 
or dry cup as it had been originally tested, 
being first sealed with wax and then with 
asphalt. 

The permeabilities (permeance times 
nominal thickness) shown in Table VIII, 
when compared with the original results, 
show a reduction of average permeability 
ranging from 13 to 25 per cent, the greater 
change for thick sheets being in the dry- 
cup results, and in the wet-cup results for 
thin sheets. 

The data indicate no superiority for 
asphalt sealing, with eight out of 11 speci- 
mens showing higher permeability than 
with wax. 

The variation among specimens is wide, 
ranging up to 65 per cent in the comparison 


of specimen 12 to 10. However, specimen 
10, retested with asphalt seal, gave a 
result 40 per cent higher, conforming to 
the average of its group. The low value 
may be questioned. 

The drop of permeance with age has 
been confirmed by laboratory No. 4, but 
no determination of a hysteresis effect has 
been made. If there is no hysteresis, 
aging presents no handicap to the round- 
robin objectives, since the original work 
was done in all laboratories (except No. 9) 
promptly after receipt of the specimens. 
The swelling of the cellulose acetate was a 
particular problem—one with which 
ASTM Methods 355 must cope. Possibly 
it has yielded one dividend—the use of 
low-melting-point asphalt as a flexible 
seal. Adoption requires further experi- 
ence. 


ASTM and FDA To Standardize 
Tests for Packaging Materials 


STANDARD EXTRACTION 
tests for flexible-barrier packages will 
be developed by Committee F-2 on 
Flexible Barrier Materials working in 
concert with representatives of the 
Food and Drug Administration. At 
present, FDA accepts packaging mate- 
rials on the basis of a broad variety of 
extraction tests. 

The aim of the committee formed by 
Committee F-2, working with both, 
consumers and producers in the field, is 
to reduce the number of tests to a 
minimum that will be satisfactory for 
FDA purposes. Extraction tests are 
essential in identifying chemical com- 
pounds in packaging materials which 
may have harmful effects on the con- 
sumer of the packaged goods. The 
new group will meet March 7, 1961, at 
Michigan State University, East Lans- 
ing, Mich., during the general meeting of 
Committee F-2. 
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By H. A. PERRY? 


Tue GROWTH IN the use 
of reinforced plastics since World War 
II has been phenomenal. These ma- 
terials are to be found in industrial 
equipment, in consumer products, in 
military devices, and in outer space. 
They are now recognized as very im- 
portant materials of construction. 

Reinforced plastics have been used 
in flying machines since the days of 
doped muslin. At the present time, 
plastics reinforced with fibers of metal, 
glass, and ceramic are widely used in 
aircraft. Of particular importance is 
the widespread use of plastics reinforced 
with fibers of boroaluminosilicate glass 
in devices such as radomes, airframes, 
structural accessories, compressed-gas 
containers, engine housings, helicopter 
rotor blades, and helmets. 

Fibrous-glass-reinforced plastics are 
now proved materials for high-pressure 
solid-propellant motor casings for large 
rockets. Many final-stage rocket mo- 
tors made of isotensoid-wound, glass- 
reinforced plastics (plastics with the 
yarn-like reinforcement oriented in the 
direction of the tensile stress) have been 
flown successfully in the exploration of 
space. No operational failures of these 
casings have been reported to date. The 
majority of spent motors still in orbit 
are made of reinforced plastics. 

The use of reinforced-plastics final- 
stage motors in compound rockets is 
very advantageous. In these devices, 
each additional ounce costs dearly in 
range and altitude. Reinforced-plastics 
casings are significantly lighter than 
equivalent casings made of other com- 
mercially available materials. Even 
lighter casings will come with higher 
tenacity rovings, improved resins, and 
advanced isotensoid designs. 

Reinforced plastics are also used in 
re-entry bodies, space capsules, and 
recovery gear. Here they are used for 
structural parts and electrical insula- 


! This article was adapted from an intro- 
ductory paper appearing in ASTM Special 
Technical Publication 279, ‘‘Reinforced Plas- 
tics for Rockets and Aircraft.’’ The pub- 
lication combines the papers from two 
symposia held at the ASTM Third Pacific 

rea National Meeting in San Francisco, 
Calif., October, 1959. 

2 Naval Ordnance Laboratory, White 
Oak, Silver Spring, Md.; chairman, Sub- 
committee XVIII on Reinforced Plastics of 
ASTM Committee D-20 on Plastics. 


Reinforced Plastics Pierce Heat Barrier 


MR&S FEATURE 


Versatile material finds wide use in nose cones and 
rocket-motor casings and nozzles, offers unusual design 
possibilities in many applications—but serious problems 
remain in quality control and testing. 


tions as well as in frontal heat shields 
to resist extremes of temperature and 
gas erosion. This has been made pos- 
sible by the discovery that many rein- 
forced plastics are quite resistant to 
aerothermodynamic ablation for reason- 
able periods of time. 

Those reinforced plastics which are 
ablation-resistant are also nonmetallic 
and, therefore, are thermal insulators. 
Hence, they are being used in internal 
heat barriers to protect all types of 
solid-propellant rocket-motor casings 
against damage from hot exhaust flames 
and ashes. As in motor-case engineer- 
ing, the use of reinforced plastics for 
internal and external heat shields is 
advantageous to reduce weight and 
increase altitude and range. Further 
improvements in performance and 
weight will derive from development 
of more endothermic, coke-forming 
polymers, more refractory fibers, fibers 
with higher melt viscosities, and from 
further developments in heat-shield 
microstructures. 

In view of these widespread uses of 
reinforced plastics in high-speed flight 
vehicles and rockets, their principal 
characteristics and the problems of 
designing, manufacturing, testing, and 
assuring the quality of ingredients and 
molded products are of special interest. 


Principal Characteristics 


As in reinforced concrete, the ability 
to arrange the reinforcing fibers with 
an eye to the principa! stress direction 
gives the designer great freedom in his 
search for maximum structural effi- 
ciency. 

The thermal and electrical conduc- 
tivities of the fibers often differ signifi- 
cantly from those of the binder. This 
also gives the designer an opportunity 
to align the fibers in a preferred direc- 
tion, relative to the applied heat flux or 
electric potential, for best thermal or 
electrical insulating efficiency. 

Other properties of reinforced plastics 


may also be designed with preferred 
directions. These include resistivity 
to gas and liquid diffusion as well as 
susceptibility to erosion by flames and 
aerothermodynamic flows. Therefore, 
the designer has additional opportunities 
for optimizing the arrangement of the 
fibers for best containment of fluids or 
resistance to thermal ablation. 

When the engineer takes full ad- 
vantage of all his opportunities in the 
design of reinforced plastics, they com- 
pete favorably with other materials of 
construction for many uses in rockets 
and high-speed flight vehicles, where 
weight is traded for range and altitude. 


Current Problems in Reinforced 
Plastics 
Materials Must Run to Keep up 
increase in the 
severity of sustained thermal environ- 
ments for flight vehicles offers a con- 
tinuing challenge to develop improved 
materials, particularly in the form of 
more heat-resistant resins and more 
refractory fibers. These advances pose 
new problems for the testing of binders 
and reinforcements at the increasingly 
high temperatures at which the ma- 
terials are to be used. There are no 
standard procedures for tests of this 
sort on this class of materials. 


The progressive 


Design and Construction Are Complex 

The designer must extend his calcula- 
tions to consider the properties, me- 
chanics, and arrangement of the rein- 
forcements in the binder, and he must 
also specify them to take full advantage 
of the exceptional anisotropy of rein- 
forced plastics. Since the micro- 
mechanics of reinforced plastics are 
still not completely understood, the 
designer is confronted with new and 
difficult problems. 

Complex problems aiso arise for the 
reinforced-plastics fabricator who must 
translate the drawings and _ specifica- 
tions into molded parts with predeter- 
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mined internal arrangements, external 
dimensions, and freedom from flaws. 
At the present time there are no stand- 
ard procedures for revealing these 
characteristics in molded reinforced 
plastics. 


Processing Data Are Incomplete 

Ingredient properties, fiber drawing 
and molding techniques, materials han- 
dling and shipping procedures, molding 
variables, and factory environments 
all have an influence on the properties 
of the molded product. A change in 
the ambient temperature or factory 
atmosphere, or in the amount and kind 
of light, the performance of pressure 
controls, temperature controls, sequence 
timers, and shifts in process schedules 
or in equipment can alter the properties 
of the product. 

These factors are often misunder- 
stood, and the situation is made more 
difficult by the current deficiency of 
test methods for detecting and ae- 
curately measuring the differences in 
the properties of reinforced plastics 
which these changes produce. 


Test Methods Are Inadequate 


The design and production of test 
specimens for reinforced plastics is 
just as involved and fraught with pit- 
falls as the design and manufacture of 
a molded part. A test method is usually 
intended to obtain data applicable to 
a range of products, not to just one 
product. Therefore, in designing a speci- 
men and a method of test, one must seek 
the common denominator among a range 
of products. 

Test specimens molded separately 
trom a molded part may have quite 
different properties from specimens cut 
from the molded part. The test meth- 
ods commonly used for reinforeed 
plastics have, in the main, been bor- 
rowed from the technologies of other 
classes of materials. It is, therefore, 
not surprising that usually they are not 
wholly adequate to describe the ma- 
terials in terms that are satisfactory 
to the designer. 

Against this background and = con- 
sidering the stakes involved, the impor- 
tance and urgency of the development 
and extensive use of improved test meth- 
ods for reinforced plastics become quite 
evident. 


More Quality Control Is Needed 


Many busy molding shops grew up 
in the manufacture of relatively non- 
critical products and have therefore 
not invested in statistical quality con- 
trol or test equipment. But the critical 
requirements of missile and_ aircraft 
parts demand such attention to quality. 
There is frequently a time lag in con- 
verting such ill-equipped shops to the 
manufacture of critical parts. 

Many firms are now equipped to 
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TABLE I.—ABLATION PROCESSES. 


THERMAL Errects 
Spalling Cracking or flaking of ex- 
panded material 
Separation under wind or 
acceleration stresses of 
softened or weakened 
pieces 
Sublimation Loss of material from 
solid to vapor phase 
Run-off . Loss under wind or accel- 
eration stresses of ma- 
terial which has melted 
Evaporation .Loss of material from 
liquid to vapor phase 
.Oxidation of materials in 
the vapor phase 
Loss of the gaseous and 
liquid products of ther- 
mal degradation, some- 
times accompanied by 
the formation of a 
coke. 


Sloughing 


Combustion 


Pyrolysis 


MECHANICAL 

Loss of material due to 
local impact by parti- 
cles or droplets 

Loss of material in solid 
form due to fracture 
under wind shear or 
body forces 


Impact erosion 


Shearing. 


varying extents to meet the stringent 
requirements for quality control that 
are demanded in the field of rockets and 
high-speed flight vehicles. But owing 
to a lack of standardization of test 
methods, it is rarely possible to obtain 
good agreement between laboratories 
on the properties of reinforced plastics. 


Mechanisms of Ablation 


As the speed of flight is increased into 
the hypersonic area, a point is reached 


Spalling occurs but rarely, if ever, 
in the ablation of reinforced plastics. 
This mechanism of failure seems to be 
characteristic of rigid metals and ceram- 
ics. The apparent immunity of rein- 
forced plastics to spalling may be at- 
tributed to the localization of heating 
in a zone near the exposed surface, to 
the reinforcing actions of the fibers, 
and to the plastic relaxation of stresses 
in the heated zone. 

Sloughing occurs in some types of 
reinforced plastics if the plies lie parallel 
to the ablating surface. This occurs 
if the bond strength between plies is 
greatly reduced or vanishes during the 
pyrolysis of the binder. Under these 
circumstances the plies blow away like 
leaves in the wind. By contrast, the 
formation of a strong coke in the pyro- 
lyzing zone may totally prevent slough- 
ing of the plies. 

Run-off and evaporation usually 
occur during the ablation of thermo- 
plastic polymers, metals, or ceramics. 
They also occur during the ablation of 
glass- or ceramic-reinforced plastics, 
as shown by high-speed photography 
in Fig. 1. Note that the molten glass 
does not appear to form a liquid film 
over the entire surface. Should there 
be a tendency to form such a film, it 
would be perforated by jets of gaseous 
products of pyrolysis from the thermo- 
setting plastic binder. 

Combustion occurs during the abla- 


Fig. 1.—Drop formation during ablation of a phenolic glass-cloth laminate. 


beyond which no known material can 
long survive under the extremes of 
temperature and force encountered. 
Various deteriorative processes operate 
in this area to alter the shape and con- 
dition of solid surfaces in contact with 
hot, moving gases. Some of these are 
listed in Table I with a brief explanation 
of the mechanisms of failure. Often, 
one or more of these mechanisms operate 
simultaneously. 


tion of reinforced plastics if free oxygen 
or halogens are present in the flow of 
gas over the surface. Combustion of 
pyrolysis products in the aerodynamic 
boundary layer can have a profound 
influence on the thickness, enthalpy, 
conductivity, and viscosity of the 
boundary layer. 

Impact erosion may occur during the 
ablation of any reinforced plastic that 
emits an inorganic residue into the 


‘ 
i 


or 
on 
a 
| 
| 
eae 
4 
123 
4 


boundary layer. The particles are 
accelerated by entrainment and may 
strike the surface again further down- 
stream with considerable energy. The 
presence of foreign matter in the bound- 
ary layer—for example, an ash from 
a solid propellant—may alter the rate 
of ablation of the surface. 

Shearing may occur in the ablation 
of some materials if appreciable volumes 
of material are weakened by heat or 
other effects. Then they may exhibit 
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high velocities; large temperature gradi- 
ents; high gas pressures, and appreci- 
able inertia forces due to rocket ac- 
celerations. The exposure time may 
vary considerably with the type of 
equipment. Various geometrical factors 
may have a profound influence on the 
flow. The conditions may vary con- 
tinuously with time of flight, as in at- 
mospheric re-entry. 

Methods for testing materials for 
their resistance to contact with very 
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shear strengths less than the shear 
stresses in the surface lavers produced 
by high-velocity gases moving parallel 
to the surface. This rarely occurs in 
reinforced plastics, mainly owing to 
the reinforcing action of the fibers con- 
tained in the structure, but it may occur 
in slowly ablating thermoplastics or 
ceramics or metals 

By far the most important phe- 
nomenon in the ablation of reinforced 
plastics is the process of pyrolysis of 
the organic binders. The energy re- 
quired to cause pyrolysis of the resins 
limits the flow of heat deeper into the 
plastic. The residues may form strong 
cokes, which resist the shearing action 
of the gases flowing over the surface. 
These act as a thermal insulation to 
further limit the flow of heat deeper 
into the plastic. The gases formed carry 
heat away from their point of origin 
and also cool the coke as they expand 
through its pores. Further, they cool 
the boundary layer into which they 
enter, and reduce the heat input. Thus, 
owing to pyrolysis, the process of abla- 
tion of a reinforced plastic is self-limit- 
ing. 


Problems in Ablation Testing 


An ablation-resistant material may 
be used as a heat shield under such con- 
ditions as: contact with reactive gas 
compositions; contact with gases at 
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hot gases have been found to be very 
costly. The curves of Fig. 2 show the 
variation of ideal and real gas tempera- 
tures of air at the stagnation point of 
a flight vehicle. These temperatures 
vary with flight speed. This chart also 
compares the various types of test 
facilities. In general, the devices to 
the left are relatively inexpensive to 
build and to operate. By contrast, the 
devices to the right become increasingly 
expensive to install. An arc-heated 
tunnel capable of simulating the aero- 
thermal conditions at higher Mach num- 
bers will consume large amounts of 
electric power. 

One of the driving forces for the 
processes of sloughing, run-off, and 
shearing is body acceleration. Setback 
occurs during acceleration; setup occurs 
in the deceleration of a vehicle as it 
re-enters the atmosphere. The super- 
position of inertia-force effects on 
aerothermodynamic effects presents dif- 
ficult engineering problems. One can 
imagine a wind tunnel mounted on a 
rotating arm to generate a centrifugal 
force on the specimen, as is done in 
propellant-grain performance 
ments using captive rockets at the 
Allegany Ballistics Laboratory. How- 
ever, no laboratory facility for ablation 
testing yet developed is capable of 
simulating all of the environmental 
conditions simultaneously, much less 


experi- 


of programming them to follow’ the 
changes of each independent factor that 
occurs in flight. At present, final 
examinations of materials for these 
uses must be conducted in flight tests 
on a per-case basis. 

In view of the cost of flight tests 
and the great number of candidate 
materials, economical test procedures 
must be developed to place the materials 
in an order of merit, to screen out the 
poor materials even at some risk of 
error, and to measure some of the per- 
tinent properties of the remainder. 
It is also desirable to use economical 
heat well as economical 
specimens, and to standardize the 
procedures so that many laboratories 
may engage reliably and reproducibly 
in the screening tests and measurements 
of properties on large numbers of candi- 
date materials. 

One difficulty in the development of 
test methods lies in the interdisciplinary 
nature of the problems. The chemist 
or plastics engineer who must evaluate 
his materials may have difficulty in com- 
municating with propulsion technolo- 
gists, aerothermodynamicists, or plasma 
physicists. In reverse, those who are 
conversant with these latter disciplines 
may have difficulty in predicting or 
evaluating the chemical reactions in- 
volved or in determining how a speci- 
men should be made. It is, therefore, 
highly desirable to foster an inter- 
disciplinary approach to the task. 


sources, as 


Current Status 


Various surveys have indicated that 
60 per cent by weight of the inert com- 
ponents of all rockets, missiles, and space 
vehicles may, within a few years, be 
made of fiber-reinforced materials. It 
is even conceivable that we may be 
drawing fibers out in orbit, spinning 
them into shapes, and bonding them into 
lightweight structures. The many 
theoretical and practical advantages, 
trends, and survey predictions indicate 
a much broader reliance on these ma- 
terials in the future. This makes the 
development of methods for assuring 
high-quality materials and parts for 
these applications a major item of cur- 
rent importance. 

The demands for improved test 
methods in the field of reinforced plastics 
are being felt in a number of ways. 
A substantial portion of the time at the 
meetings of the professional and in- 
dustrial organizations in the field of 
plastics is now being devoted to the 
complex testing problems of reinforced 
plastics. The Materials Advisory Board 
of the National Academy of Sciences, 
which is charged with making recom- 
mendations on the development and 
evaluation of all types of materials, 
is giving increasing attention to the 
future of reinforced plastics. 
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Society 


64th Annual Meeting 
14 Symposia and Papers Sessions Now Scheduled 


THe 647TH ANNUAL 
MEETING of the Society will be held 
in Atlantic City, N. J., at the Chal- 
fonte-Haddon Hall the week of June 
25 to 30. Complete details of the 
meeting will appear with the pro- 
visional program in the April issue of 
Materials Research & Standards. 
Following is a list of symposia and 
sessions now planned, together with 
their sponsoring groups. 


SYMPOSIA 


Cement (Committee C-1 on Cement) 

Microviscometry (Committee D-4 on 
Road and Paving Materials) 

Soil Dynamics (Committee D-1S on 
Soils for Engineering Purposes) 

Impurities in Steam (Committee D-19 

on Industrial Water) 


Chemical-Resistant Mortars (C-3 ) 


AN EXPANSION OF the 
scope of Committee C-3 was discussed 
at some length at the fall meeting of the 
committee in Suffern, N. Y., on October 
20 and 21. It was felt that the interest 
of the committee extended beyond 
mortars alone and that there was a 
considerable field of related materials 
for which the development of standards 
is needed. These materials include hot- 
melt compounds, adhesives, putties, 
and monolithic surfacing compounds. 
It is realized that any proposed ex- 
pansion of activity must minimize 
overlap with other ASTM committees. 

A final draft of a specification for 
chemical-setting silicate-type chemical- 
resistant mortars was approved in 
subcommittee. Results of round-robin 
tests for determining the coefficient of 
thermal expansion of silicate, epoxy, 
and sulfur mortars were reviewed. 
The tests used two types of apparatus, 
the Whittemore strain gage and the 
Cenco-Menzel test bar and comparator. 
Further work is planned using the 
method of test for coefficient of linear 
thermal expansion of plastics (D 696). 
An interesting review of the use of 
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TECHNICAL COMMITTEE NOTES 


Atlantic City, N. J., June 25—30 


Extension of Sensitivity for Determin- 


ing Various Constituents in Metals 
(Committees E-2 on Emission Spec- 
troscopy and E-3 on Chemical 
Analysis of Metals) 

Radiation Effects in Refractory Com- 
pound Fuels (Committee E-10 on 
Radioisotopes and Radiation Ef- 
fects) 

Compressive, Bearing and Shear 
Creep, and the Behavior of Joint 
and Fastener Materials at Elevated 
Temperatures (Joint Committee 
on Effect of Temperature on the 
Properties of Metals) 

Elevated Temperature Compression 
Testing of Sheet Materials (Joint 
Committee on Effect of Tempera- 
ture on the Properties of Metals) 

Evaluation of Metallic Materials in 


monolithic floor toppings was presented 
by George Gabriel, Atlas Mineral 
Products Co. Mr. Gabriel discussed 
the types of binders employed in the 
past and pointed out that present 
formulations are largely based on 
epoxy resins. An encouraging future 
was forecast for the use of this type of 
floor topping if formulations are care- 
fully made and properly engineered and 
installed. 


Concrete Pipe (C-13) 


CAST-IN-PLACE CONCRETE 
pipe is one of the latest developments 
in the conveyance and distribution of 
irrigation water and agricultural drain- 
age under low hydrostatic pressures. 
At its October 19 meeting in Chicago, 
Ill., Committee C-13 accepted a new 
tentative specification for cast-in-place, 
nonreinforced concrete closed conduit 
for use in rural areas. Pipe sizes 
included in the specification range from 
24- to 48-in. internal diameter. Em- 
phasis is placed on the requirements for 
suitabie trench excavation and grade 
and alignment tolerances, which are 
especially important with this type of 
pipe. 


Design for Low-Temperature Serv- 
ice (Joint Committee on Effect of 
Temperature on the Properties of 
Metals) 

Erosion and Cavitation (Admin- 
istrative Committee on Simulated 
Service Testing) 

Major Effects of Minor Constituents on 
Properties of Materials. (Division 
of Materials Sciences) 


SESSIONS 


Concrete (Committee C-9 on Con- 

_ crete) 

Road and Paving Materials (Com- 
mittee D-4 on Road and Paving 
Materials) 

Soils (Committee D-18 on Soils for 
Engineering Purposes) 


A tentative specification was also 
accepted covering precast reinforced- 
concrete manhole risers and tops up 
to 72 in. in diameter for storm and 
sanitary sewers. There is one class of 
riser, three classes of tops: concentric 
cone, eccentric cone, and flat slab. 

Revisions accepted in the specification 
for reinforced concrete sewer and 
culvert pipe (C 76) included the 
extension of Tables IV and V to include 
108-in. diam pipe, and an extension in 
the tabulated designs for Classes IT 
and III in the wall C designs. Also, 
laps may now be tack welded but not 
subject to the strength requirements for 
welded splices. The elimination of the 
sand bearing test in the testing of all 
concrete pipe was approved. 


Joint Committee on Leather 


THe Jorst COMMITTEE 
oN Leather, meeting in New York City, 
December 9, reviewed data from an 
interlaboratory study on laundering of 
leathers. The resistance of leathers to 
this test will be evaluated using the 
gray scale to determine color loss. 
The color retention test of leathers 
during washing is now in draft form. 
A method to determine the resistance 
of leathers to dry cleaning is also being 
developed. 

Interlaboratory development of a 
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perspiration test is now complete, and a 
proposed method is being written. 
In this test the leather is soaked in a 
synthetic perspiration and air dried, 
and the degree of degradation is 
estimated by the amount of grain 
cracking observed under pressure in a 
Mullen tester. 

Considerable interest has been 
aroused for the development of a 
scuff test based on two possible ap- 
proaches: (1) a phonograph recording 
needle used as cutting tool as the leather 
turns on the phonographic table, and 
(2) a pendulum striking tool with a 
sharp burr that impinges on the leather. 
In both cases, development of units of 
evaluation is the main problem. 

Several methods to measure the water 
resistance of leathers are under develop- 
ment. A spray test to determine water 
repellance of garment leathers using the 


spray test has been completed. Two 
dynamic water resistance tests are 
completed. For light leathers, the 


water penetration is observed through 
a cross-section of the leather; for 
heavy leathers, the wetness is measured 
by weighing the amount of absorbed 
water. 


Methods of Testing Building Con- 
structions (E-6) 


A NEW SUBCOMMITTEE ON 
Curtain Walls met for the first time 
during the fall meeting of Committee 
E-6 in Washington, D. C., on Novem- 
ber 14and 15. Task groups were formed 
to study definitions, infiltration prob- 
lems, and strength factors as a basis 
for development of standards. 

A proposed method of test for the 
rate of air leakage through windows was 
approved by the Subcommittee on 
Window Assemblies. This method is 
for determining the rate of air flow 
through cracks in and around closed 
windows. Attention will later be given 
to water leakage or rain penetration 


tests. After hearing a task force 
review of existing requirements for 
hardware for wood, aluminum, and 


steel windows, the committee concluded 
that there is a definite need for more 
adequate requirements but that re- 
search is needed to determine what 
tests would be useful. The basic 
needs at present are for tests of the 
durability of coatings, the resistance of 
coatings to corrosion, and the abrasive 
resistance of operating hardware. 

A final draft of a proposed method of 
loading tests on floors and flat roofs is 
now completed. A proposed recom- 
mended practice on the durability of 
building structures to weathering is 
now ready for subcommittee letter 
ballot. 

The meeting also included a joint 
luncheon of Committee E-6 and the 
ASTM Washington District, and a 
session of papers on testing of building 
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constructions. At the luncheon Mr. 
Kurt Stehling, National Aeronautics 


and Space Administration, spoke on 
“Some Aspects of the Space Age.”’ At 
the papers five papers were 
presented in the fields of sound trans- 
mission loss, effect of moisture on heat 
transfer through insulated  flat-roof 
constructions, clay masonry curtain 
walls, lightweight metal curtain walls, 
and loading tests on full seale house 
roofs. This program was held in 
conjunction with the Fall Conferences 
of the Building Research Inst. 


session 


Cement (C-1);' Concrete (C-9) 


CommiTreEes C-1 on CeE- 
MENT and C-9 on Concrete and Concrete 
Aggregates held 5-day concurrent meet- 
ings at Denver, Colo., December 5-9. 
One day was devoted to an inspection 
trip to the Bureau of Reclamation 
Laboratories, followed by luncheon at 
the Broadmoor Hotel in Colorado 
Springs and a visit to the Air Force 
Academy. 

The proposed specification for non- 
harmful processing additions to cement 
will now be presented to the Society 
for acceptance. This specification will 
end the responsibility of Committee 
C-1 in the recognition of additions which 
may be added in the manufacture of 
portland cement for intergrinding pur- 
poses. 

The nonuniformity of air content of 
Ottawa sand, which has recently come 
to the attention of the committee as 
the result of a research program, led to 
further study being authorized to find a 
solution to the problem. It was noted 
that the Jordan formation of sand has 
been found suitable for testing purposes. 

The cooperative study with Com- 
mittee C-12 on Mortars for Unit 
Masonry on the influence of time-to- 
wait during mixture of mortars, with 
21 laboratories participating, was re- 
viewed. The results have established 
that 13 min is an entirely satisfactory 
waiting period. This information will 
be used to develop a standard pro- 
cedure for measuring workability. A 
report to the committee emphasized the 
lack of care in the use of testing ap- 
paratus in determining the chemical 
analysis of portland cement. A check 
list of precautions that should be fol- 
lowed was presented. 

Admixtures are still high on the list 
of Committee C-9. Current activity 
has been most prominent in the field of 
chemical admixtures, proposed spec- 
ifications were reviewed covering both 
the retarder and the accelerator types. 
It was decided to prepare a combined 
specification which would include re- 
quirements for water reducing retarders 
and water reducing accelerators. 

A study group has been formed to 


evaluate epoxy resins for use in bonding, 
patching, and sealing concrete. 
ifications may be developed to cover 
mixtures of epoxy resins and bituminous 
materials and also the binder material. 
A proposed method of test for static 
modulus of elasticity was approved in 
subcommittee. Data on a proposed 
creep test was studied, with a need 
indicated for additional information. 

The increased use of ‘ightweight 
aggregates in concrete has led to the 
need for special test methods for this 
material in order to evaluate such 
properties as the resistance to freezing 
and thawing, unit weight, and strength, 
both of the aggregate and the concrete. 
A survey of actual field performance of 
certain aggregates previously evaluated 
in laboratory studies will be undertaken 
by the Subcommittee on Pore Structure 
of Aggregates. 

In the study of strength properties of 
concrete much attention has been given 
to the preparation of proper test 
specimens. A proposed specification 
for single-use molds has been reviewed 
and approved for presentation to 
Committee C-9. Cooperative tests on 
vibrated versus rodded specimens con- 
ducted in seven laboratories have been 
conducted, with test data from four 
laboratories received and now under 
study. 


Asbestos-Cement Products (C-17) 


THE EMPHASIS WAS on 
durability of asbestos-cement pipe at 
the fall meeting of Committee C-17 
held in Buffalo, N. Y., on November 
30-—December 1. At the meeting of the 
Subcommittee on Research, William 
Lerch, subcommittee chairman, re- 
viewed projects being conducted in Eng- 
land and at the Portland Cement 
Assn. L. R. Blair, director of research, 
Johns-Manville Corp., reviewed field 
data on the chemical stability, par- 
ticularly in sulfate media, of asbestos- 
cement products. A progress report 
was also presented by N. L. Nemerow, 
Syracuse University, on physical and 
chemical tests of asbestos-cement pipe 
of foreign manufacture. These tests 
included the proposed uncombined 
calcium hydroxide, modified Bureau of 
Reclamation sulfate resistance, and the 
acid solubility tests. 

The committee accepted the proposed 
uncombined calcium hydroxide _ test 
procedure as a replacement for the 
existing alkalinity test now included 
in the specifications for asbestos-cement 
pipe (C 296 and C 428). A limit of 3 
per cent on uncombined calcium hy- 
droxide in the two pipe specifications 
was also accepted. A proposed spec- 
ification for asbestos-cement perforated 
underdrain pipe was referred back to 
the responsible task group to resolve 
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differences between the proposed spec- 
ification and a similar specification of 
the American Association of State 
Highway Officials. 

Task groups were appointed to study 
draft recommendations from the Inter- 
national Standardization Organization 


covering roofing shingles, dry process 
siding shingles, and panel board. R. F. 
Orth, Johns-Manville Corp., will be 
American delegate to the next meeting 
of ISO TC 77 on Asbestos-Cement 
Products, with A. E. Binger, Philip 
Carey Co., as alternate. 


ACTIONS ON STANDARDS 


The Administrative Committee on Standards is empowered to pass on pro- 
posed new tentatives and revisions of existing tentatives, tentative revisions 
of standards, and the withdrawal of tentatives and standards offered between 


Annual Meetings of the Society. 
mitlee took the following actions. 


On the dates indicated the Standards Com- 
Anyone interested in securing copies of the 


standards should write to Headquarters regarding their availability. 


Non-Ferrous Metals and Alloys 


Tentative Specification for Solder Metal 
(B 32 - 60 T) (Accepted Dec. 20, 1960) 


Revision.— Revisions of these specifica- 
tions, which were accepted by the Society 
at the 1960 Annual Meeting, pointed up the 
need for further changes consisting of the 
addition of new alloys 63A and 63B, and 
a change in Table I for alloy grade 95 TZ 
of the maximum per cent of bismuth from 
0.26" to “0.15.” 


Copper and Copper Alloys 


Standard Specification for Bronze Castings 
for Bridges and Turntables (B 22 — 52) 
(Accepted Dec. 5, 1960) 


Revision and Reversion to Tentative.— 
Detailed information on the compression 
test specimens has been added to Section 
8(c). 


Thermal Insulating Materials 


Standard Specifications for Asbestos 
Thermal Insulating Cement (C 194 — 48) 
(Accepted Jan. 3, 1961) 


Revision and Reversion to Tentative.— 
The specifications have been expanded to 
cover finishing cement as well as thermal- 
insulating cement. The title has been 
changed to read, ‘Specifications for 
Asbestos Thermal-Insulating and Finishing 
Cement.” 


Rubber and Rubber-Like 
Materials 


(Accepted Dec. 20, 1960): 

Tentative Methods for Chemical Analysis 
of Synthetic Elastomers (Solid Styrene- 
Butadiene Copolymers) (D 1416 — 58a T) 
Revision.—Two alternative methods 

have been added for determining the oil 

content of oil-extended SBR-type poly- 
mers. 

Tentative Recommended Practice for 

Description of Types of Styrene- 
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Butadiene Rubbers (SBR) (D 1419- 

60 T) 

Revision.—Ten new SBR Polymers have 
been added, numbers 1608, 1609, 1809 to 
1811, and 1813 to 1817. 


Tentative Recommended Practice for De- 
scription of Types of Styrene-Butadiene 
Rubber (SBR) and Butadiene Rubber 
(BR) Latices (D 1420 - 59 T) 


Revision.—A new synthetic latex with 
the number SBR 2114 has been added. 


Tentative Specifications and Methods of 
Test for Flexible Foams Made from 
Polymers or Copolymers of Vinyl 
Chloride (D 1565-59 T) 


Revision.._A__ reference to ASTM 
Method D 1692 — 59 T has been added in 
order to provide a flame-resistance test for 
flexible vinyl foam products. 


Electrical Insulating Liquids 
and Gases 


(Accepted Dec. 29, 1960): 


Tentative Method of Test for Hydrolyzable 
Chlorine Compounds in Chlorinated 
Aromatic Hydrocarbons  (Askarels) 
(D 1820 — 60 T) 


Tentative Method of Test for Inorganic 
Chlorides in Askarels (D 1821 - 60 T) 


New Teutatives.—Hydrolyzabie chlo- 
rine compounds and inorganic chlorides in 
appreciable quantities cause electrical 
breakdown and shorten the life of askarels. 
It is therefore important that adequate 
methods be available for their determina- 
tion. 


Tentative Continuity Specifications for 
Electrical Insulating Oil for Low- 
Pressure Cable Systems (D 1818 — 60 T) 


Tentative Continuity Specifications for 
Electrical Insulating Oil for High- 
Pressure Cable Systems (D 1819 - 60 T) 


New Tentatives.—Specification D 1818 
defines a particular type of electrical in- 
sulating liquid for use in low-pressure, oil- 
filled cables and as a filling medium for 
accessories used with such cables. Speci- 
fication D 1819 defines a particular type 


of electrical insulating liquid for use as a 
pressure and insulating medium in high- 
pressure-oil, pipe-type cable systems. The 
purpose of these specifications is to insure 
an unvarying continuity in the quality 
and grade of the oil supplied by a vendor. 


Methods of Testing 


Tentative Definitions with Procedures Re- 
lating to Conditioning and Weathering 
(E 41-57 T) (Accepted Dec. 19, 1960) 


Revision.—The definitions appearing in 
this standard have been revised and addi- 
tional definitions have been added. The 
requirements for standard atmospheres 
have been issued as a separate tentative 
(E 171 - 60 T) by action of the Administra- 
tive Committee on Standards on September 
29, 1960, and since E 41 now covers only 
definitions, the title has been changed to 
“Tentative Definitions of Terms Relating 
to Conditioning.”’ 


Chemical Analysis of Metals 


(Accepted Dec. 29, 1960): 


Tentative Methods for Chemical Analysis 
of Aluminum and Aluminum-Base 
Alloys (E 34-60 T) 


New Tentative.—These methods con- 
tain a method (carminic acid (photometric) 
method) for the determination of boron in 
aluminum-base alloys in the range of 0.005 
to 0.063 per cent which is particularly de- 
signed for testing to compliance with 
ASTM Specification B 317 for Extruded 
Aluminum for Electrical Purposes. They 
also contain the ethylenediamine tetra- 
acetate (volumetric) method for the deter- 
mination of zine in aluminum-base alloys 
in the range of 0.30 to 10.0 per cent. 


Tentative Methods for Chemical Analysis 
of Special Brasses and Bronzes (E 54 ~ 
60 T) 


New Tentative.—These methods cover 
a method (ethylenediamine tetraacetate 
(volumetric) method) for the determina- 
tion of zine in brasses and bronzes in the 
range of 0.5 to 40 per cent. For this pur- 
pose the electrolyte remaining from the 
copper and lead determination is used. 
There is also a method for the determina- 
tion of tin in copper-base alloys when pres- 
ent in alloying amounts (0.5 to 20 per cent). 
These methods are simplifications of the 
methods appearing in Standard Methods 
E 54 for Chemical Analysis of Special 
Brasses and Bronzes. 


Tentative Method of Test for Antimony in 
Copper and Copper-Base Alloys (E 62 
-60 T) 


New Tentative.—This method covers the 
determination of antimony in copper- 
base alloys in the range of 0.0 to 1.0 per 
cent, and is a simplification of the method 
appearing in Standard Methods E 62 for 
Chemical Analysis of Copper and Copper- 
Base Alloys. 

Tentative Method of Test for Oxygen in 

Molybdenum (E 174 — 60 T) 


New Textative.—This method covers 
the determination of oxygen in molyb- 
denum metal in the range of 0.0005 to 
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0.01 weight per cent of oxygen. It is 
based on the fusion of the metal in a 
vacuum in an iron-tin bath in the pres- 
ence of excess carbon. 

Tentative Recommended Practices for 
Conducting Interlaboratory Studies of 
Methods for Chemical Analysis of 
Metals (E 173 — 60 T) 

New Tentative.—These recommenda- 
tions are intended as a guide to sample 
distribution and laboratory tests for use 
in interlaboratory testing programs for 
the chemical analysis of metals. If the 
recommendations are followed, a good 
estimate of the precision of a test method 
will be easily obtained. 

Tentative Methods for Chemical Analysis 
of Ferroboron (E 31 — 60 T) 
Revision.—A new procedure has been 

added for the determination of manganese 

in commercial grades of ferromanganese 

and silicomanganese in the range of 60 

to 90 per cent by the Pyrophosphate 


(Potentiometric) Method. It is more 
rapid and equal in accuracy to the present 
bismuthate method for these determina- 
tions. 


Tentative Methods for Chemical Analysis 
of Titanium and Titanium-Base Alloys 
(E 120 - 60 T) 


Revision.— Methods have been added 
for determining columbium and tantalum, 
chloride, oxygen by tin and plate flux, and 
a method for aluminum which is more re- 
liable than the present method. 


Tentative Methods for Chemical Analysis 
of Zirconium and Zirconium-Base Alloys 
(E 146 - 59 T) 


Revision.— Procedures have been added 
for the determination of silicon by the 
molybdenum blue (photometric) method, 
determination of tin by the iodate titration 
(volumetric) method, and the deter- 
mination of titanium by the 5-sulfo- 
salicyclic acid (photometric) method. 


ASTM MEETINGS 


This gives the latest information available at ASTM Headquarters. 
mail notices of all district and committee meetings customarily distributed by 
the officers of the respective groups should be the final source of information on 


dates and location of meetings. 
ings of smaller sections and subgroups. 


Date 
March 2 


March 6 
Soc. for Metals) 
March 6-7 
gents 
March 6-8 
terials 
March 7 Southeast District 
March 7-8 


March 7-10 


March 8 
March 9 
March 10 
March 11 


Southwest District 
Southwest District 
Southwest District 


cal Soc.) 
March 14-15 


March 14-15 
March 23-24 
April 5-7 
F-1) 
April 10 
gineers’ Soc.) 


April 10-12 
April 10-12 


Group 
Committee E-2 on Emission Spectroscopy 


Central New York District (Joint with Am. 
Committee D-12 on Soaps and Other Deter- 


Committee D-9 on Electrical Insulating Ma- 


Committee F-2 on Flexibie Barrier Materials 


Committee D-20 on Plastics 


Southwest District (Joint with Am. Chemi- 
Joint Committee on Leather 

Joint Committee on Automotive Rubber 
Committee D-14 on Adhesives 


Symposium on Materials and Electron De- 
vice Processing (Sponsored by Committee 


Washington District (Joint with Raleigh En- 


Committee D-10 on Shipping Containers 
Committee D-15 on Engine Antifreezes 


Direct 


This schedule does not attempt to list all meet- 


Place 
Pittsburgh, Pa. 
(Penn-Sheraton) 
Utica, N. Y. 


New York, N. Y. 
(Park Sheraton) 
Louisville, Ky. 
(Sheraton) 
Birmingham, Ala. 
East Lansing, Mich. 
(Michigan State 
University) 
Louisville, Ky. 
(Sheraton) 
New Orleans, La. 
Houston, Tex. 
Dallas, Tex. 
Bartlesville, Okla. 


Philadelphia, Pa. 
(Benj. Franklin) 
Detroit, Mich. 
(Rockham Bldg.) 
Washington, D. C. 
(Sheraton-Park) 
Philadelphia, Pa. 
(Benj. Franklin) 


Raleigh, N.C. 


Chicago, Ill. 

Washington, D. C. 
(Shoreham) 

Chicago, Ill. 

New York, N. Y. 


Buffalo, N. Y. 
Detroit, Mich. 
Pittsburgh, Pa. 
Atlantic City, N. J. 
Dallas, Tex., 


New York, N. Y., 


April 11 Chicago District 
April 19 New York District (Joint with N. Y. Chap- 
ter of Am. Soc. Civil Engineers) 
April 20 Western New York District 
April 25 Detroit District 
April 26 Pittsburgh District 
June 25-30 Annual Meeting 
February 5-9, Committee Week 
1962 
June 24-29, Annual Meeting 
1962 


128 


Standard Methods for Chemical Analysis 
of Magnesium and Magnesium-Base 
Alloys (E 35 — 60) 

Revision and Reversion to Tentative.— 
New simplified methods for the deter- 
mination of zine and copper in magnesium 
and magnesium-base alloys have been 
added. The composition limits in the 
scope have been modified and the fol- 
lowing methods have been deleted since 
they are considered inferior to other 
methods being retained for the same 
determinations: aluminum by the mer- 
cury cathode-aluminum oxide method 
(Sections 10 to 12); zine by the potassium 
ferrocyanide rapid control method (Sec- 
tions 18 and 19); manganese by the bis- 
muthate method and persulfate method 
(Sections 20 to 24); copper by the 
electrolytic and iodide methods (Sections 
32 to 36); silicon by the sulfuric acid 
method (Section 45); iron by the rapid 
volumetric method (Sections 61 and 62), 
nickel by the colorimetric method (Sections 
73 to 76); and cadmium by the electrolytic 
method (Sections 89 to 91). 

Standard Methods for Chemical Analysis 
of Silver Solders (E 56 — 45) 

Revision and Reversion to Tentative.— 
The methods have been changed in view of 
new information. 


Metallography 


Tentative Method for Assigning Phase 
Designations in Metallic Systems 
(E 157 — 61 T) (Accepted Jan. 3, 1961) 
New Tentative.—This method covers 

the assignment of designations for all 
alloy phases, based on the composition 
and crystal lattice of each. It makes 
possible the selection of a unique des- 
ignation for each phase, and the same 
designation is used for a given phase 
regardless of the system in which it 
appears, that is, single-component, bi- 
nary, ternary, or polynary. 

The method has not only received the 
unanimous approval of Committee E-4, 
which has been working for over 15 
years to find a means of relieving the 
chaotic condition that has always existed 
in the naming of the constituent phases 
in metallic alloy systems, but it represents 
the opinion of such eminent metallurgists 
as Hume-Rothery and Raynor in England, 
the late Dr. Guerther and Max Hansen of 
binary alloy fame in Germany, and 
Fritz Laves in Austria. 


Plastics 


Tentative Method of Test for Tensile 
Impact Energy to Break Plastics and 
Electrical Insulating Materials (D 1882 
61 T) (Accepted Jan. 11, 1961) 

New Tentative.—A procedure is pro- 
vided for determining the energy required 
to rupture standard specimens of plastic 
or electrical insulating materials under 
tensile impact conditions. Committee 
D-20 feels that the tensile impact test 
is more meaningful and less clouded 
by variables such as are encountered 
in the notched or unnotched flexural 
tests (Izod and Charpy). Also, it will 
measure the energy to break specimens of 
flexible materials such as polyethylene, 
polypropylene, vinyls, nylons, etc., which 
do not break completely in the other two 
tests. 
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Supplements to Book of Standards: All 10 Parts Now Available 


THE 1960 SupPLeMENTs to the 1958 Book of Standards are published 
in ten parts in heavy paper covers. They include new and revised standards and 
tentatives adopted or accepted at the 63rd Annual Meeting or by the Administrative 
Committee on Standards. All ten parts are now available. Their titles: 


Nonferrous Metals (Specifications), Electronic Materials 


—Cement, Concrete, Mortars, Road Materials, Waterproofing, Soils 


Part 1—Ferrous Metals (Specifications) 

Part 2 

Part 3—Methods of Testing Metals (Except Chemical Analysis) 
Part 4 

Part 5 


Masonry Products, Ceramics, Thermal Insulation, Acoustical Materials, Sand- 


wich and Building Constructions, Fire Tests 


= 
- 
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Part 7 


}—Wood, Paper, Adhesives, Shipping Containers, Cellulose, Leather 
Petroleum Products, Lubricants, Tank Measurements, Engine Tests 


Part 8—Paint, Naval Stores, Aromatic Hydrocarbons, Coal and Coke, Gaseous Fuels, 


Engine Antifreezes 


Part 9—Plasties, Electrical Insulation, Rubber, Carbon Black 
Part 10—Textiles, Soap, Water, Atmospheric Analysis, Wax Polishes 


Radiation Effects and 
Radiation Dosimetry 


THE APPLICATION of nu- 
clear energy to problems in materials 
and materials testing, in addition to 
creating a few new problems, is adding 
some unusual aspects to many familiar 
problems that are requiring the atten- 
tion of increasing numbers of the So- 
ciety’s committees. Two of the prob- 
lem areas, radiation effects and radiation 
dosimetry, are the subject of this 
volume. Radiation effects refers 
broadly to the change in properties of 
materials due to exposure to nuclear 
radiation. It is perhaps the most 
dramatic of the problem areas in that it 
involves the influence of an additional 
environment on materials behavior. 
Radiation dosimetry, the measurement 
of the environment of nuclear particles, 
is one of the most difficult problems in 
nuclear technology. Direct counting of 
the particles is usually impractical, and 
measurement must be made by de- 
termining the effects of interaction of 
the particles in reference materials. 

In view of the pertinence of these 
developments to the Society’s interests 
and of the increasing need for testing 
standards, Committee E-10 on Radioso- 
topes and Radiation Effects has con- 
sidered the sponsoring of symposia on 
these two fields one of its prime re- 
sponsibilities. The papers in this sym- 
posium volume were presented at the 
1960 Annual Meeting of the Society. 
In the organization of the symposium, 
an attempt was made to obtain infor- 
mation representative of the trend in the 
past few years toward analysis and 
experimental verification of principles 
and toward critical examination of ac- 
cepted notions. The contents are: 


Introduction—C. G. Collins, General Elee- 
tric Co. 

Determinant Sample Parameters in Radia- 
tion-Effects Testing of High Polymers— 
E. G. Fritz, Convair. 
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Irradiation Testing of Enrico Fermi Proto- 
type Fuel Pins in the CP-5 Reactor— 
M. A. Silliman, A. A. Shoudy, P. R. 
Huebotter, and W. G. Blessing, Atomic 
Power Development Assoc. 

Effect of Neutron Irradiation on Charpy-V 
and Drop-Weight Test Transition Tem- 
peratures of Various Steels and Weld 
Metals—J. R. Hawthorne and L. E. 
Steele, U.S. Naval Research Laboratory. 

Reactor Spectra Considerations in Radiation 
Effects Predictions—J. Romanko, Con- 
vair. 

Radiochemistry and Mass Spectrometry in 
Fuel Depletion Studies—J. E. Hudgens, 
Jr.—Westinghouse Electric Corp. 
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Book Order Form 


American Society for Testing Materials 


Please send postpaid copies of the following publications for which I 


Strength and Related Properties of Wood Poles, 


Adhesion and Adhesives, STP 271. 

Index to the Literature on X-Ray Spectrographic 
Analysis, Part 1, 1913-1957, STP 292. 

1960 Supplement to the Metal Cleaning Bibliograph- 
ical Abstracts, STP 90-E. 

Soaps and Other Detergents, Compilation of Stand- 
ards (D-12). 

Radiation Effects and Radiation Dosimetry, STP 286. 

Textile Materials, Compilation of Standards (D-13). 

Compilation of Chemical Compositions and Rupture 
Strengths of Super-Strength Alloys, STP 170-B. 


| 
Preprints of Fatigue Paper 
| Available to Members Now 


Preprints oF “A 
Proposed New Relation for Cumu- 
lative Fatigue Damage in Bend- 
ing,” by S. S. Manson, A. J. 
| Nachtigall, and J. C. Freche, are 
available now at ASTM Head- 
quarters. Although the paper is 
scheduled for presentation at the 
| 1961 Annual Meeting, the authors 
| wished to have preprints available 
| early. Since the paper will not be 
listed on the preprint blank, cop- 
ies are now available to members 
on request. 


Effect of Sample Parameters on Energy Ab- 
sorption from a Neutron Beam—R. L. 
Johnson, Convair. . 

High-Intensity Gamma-Ray Dosimetry— 
D. Hale, D. R. Johnson, 8. M. Dee, J. R. 
Coss, O. V. P. Sessoms, P. B. Hemmig, 
and R. E. Brocklehurst, Wright Air De- 
velopment Div., and W. L. R. Rice, 
U. 8. Atomie Energy Commission. 

A Solid State Bragg-Gray Cavity Chamber— 
Victor H. Ritz and Frank H. Attix, 
U.S. Naval Research Laboratory. 

Measurement of the Energy Absorbed from 
Pile Neutrons—D. Binder, C. D. Bopp, 
and R. L. Towns, Oak Ridge National 
Laboratory. 
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Neutron Dosimetry for Materials Irradiation 
Studies—L. E. Steele and J. R. Haw- 
thorne, U. S. Naval Research Labora- 
tory. 

Neutron Spectrum Determinations ot Low 
Flux Levels—Paul Kruger, Nuclear 
Science and Engineering Corp. 

Radiation Damage in Steel: Considerations 

Involving the Effect of Neutron Spectra— 

A. D. Rossin, Argonne National Labo- 

ratory. 


STP 286, 162 pages, hard cover, price 
$4.75, to members $3.80. 


Textile Materials 
Compilation of Standards, D-13 


Tue 1960 EpiTioN of the 
compilation of ASTM Standards on 
Textile Materials contains 139 standards 
of which 24 are new, revised, or changed 
in status. 

Among the new standards are: test 
for neps in wool top, test for imperfec- 
tion count of textile yarns, method of 
testing elastic fabrics, and test for 
colorfastness to commercial laundering 
and to domestic washing of tufted rugs 
and carpets. 

Topics covered in the compilation in- 
clude: wool textiles, man-made fiber 
textiles, glass textiles, cotton textiles, 
bast and leaf fiber textiles and kraft 
yarns, tire cord, carpets, hosiery, and 
nonwoven fabrics. In addition, the 
volume contains standards on: terms 
and definitions, conditioning, sampling, 
qualitative and quantitative analysis, 
and resistance to insects and micro- 
organisms. Fibers, fabrics, yarns, 
threads, and cordage are also covered. 
Fourteen appendices and additional re- 
lated material are included in_ this 
volume. 


ASTM Standards on Textile Materials, 
946 pages, hard cover, price $9.75, to 
members $7.80. 


Erratum in Method 
C 157-60 T 


In Fic. 1 of the 
Tentative Method of Test for Vol- 
ume Change of Cement Mortar 
and Concrete (C 157-60 T), at | 
the right-hand side of the figure, 
as it appears on p. 312 of the com- | 
pilation of “ASTM Standards on | 
Mineral Aggregate and Concrete,” | 
the }-in. thick plate is shown as 2 | 
by 2 in. As is obvious from the 
views of the complete mold, the 2 


by 2-in. dimensions must be 
changed to 4 by 4 in. 
The correct dimensions are 


shown in this figure as published | 
in the 1960 Supplement to Book 
of ASTM Standards, Part 4. 
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ASTM STANDARDS AT WORK 


First U. S. Automated Post Office 


PROJECT 
nation’s first automated post office, was 


TuRNKEY, the 
officially dedicated on October 20, 
1960, in Providence, R. I. The $20 
million building features six 
in-place parabolic domes with a clear 
span of 150 ft. The curtain-wall area 
beneath the arches is made of 2-in. 
thick glass tile with prisms in their 


diffusing the light. Air spaces in the 
tiles provide good insulation to cut 
heating and cooling costs. Contractor 
was the Gilbane Building Co., architect 
was Charles A. Maguire & Associates. 
The ‘‘Thinlite” glass tiles are manu- 
factured by Kimble Glass Co. 

The following ASTM standards were 
used to specify materials or tests for 


hollow cores to eliminate glare by materials: 

Concrete Reinforcement: C 138 A 153 
Al5 C 150 Wood block flooring: 
A 185 C 173 D 1031 
A 305 C 175 Plastering : 

Concrete C197 C 28 
C31 C 231 
C3 Masonry units: Metal ribbed decking : 
C39 C 246 
C 42 Structural Steel: Pipe and fittings: 
C 88 A 373 > 76 
C 94 A 123 C 200 


Soaps and Other Detergents 


Compilation of Standards, D-12 
THE 


1960 EDITION of the 
compilation of ASTM Standards on 
Soaps and Other Detergents includes 
three new methods for the analysis of 
synthetic detergents as well as 24 specifi- 
cations, 23 methods, and definitions re- 
tained (with revisions in a number of 
cases) from the previous edition. 

Also included are proposed 
methods for the rapid determination of 
solids by infrared moisture balance and 
for measuring redeposition of soil on 
cotton fabric. 


ASTM Standards on Soaps and Other 
Detergents, 280 pages, hard 
price $4.25, to members $3.40. 


cover, 


Adhesion and Adhesives 


Committee D-14 on Adhesives has 
given a powerful impetus to the use, the 
technology, and the testing of all ad- 
hesives. Metal-to-metal adhesives, rel- 
ative newcomers, have grown in im- 
portance to such an extent that no air- 
craft designer can justify overlooking 
their advantages. 

Five papers dealing with metal- i 
metal adhesives, their evaluation and 
testing, are included in this symposium 
volume. Three papers were presented 
at a symposium at the Third Pacific 
Area Meeting on October 15, 1959. A 
fourth paper presents the data and 
statistical analysis of a study undertaken 
by Committee D-14 to determine the 
effects of increases in the rate of loading 
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on the strength properties of adhesives 

as measured by Method D 1002. In 

addition, the paper “Bonded Metal-to- 

Metal Shear Testing’’ presented during 

the symposium on Shear and Torsion 

Testing held on June 28, 1960, has been 

included. Although this volume is 

neither a complete nor an extensive 
study of the problems relating to ad- 
hesives, it will answer some of the many 
questions of those engineers who have 
not used adhesives for metal applica- 
tions and who, with additional encour- 
agement, may incorporate adhesives in 
their designs. 

Paper titles and authors are: 

Lap Shear and Creep Testing of Metal-to- 
Metal Adhesive Bonds in Germany-— 
K. F. Hahn, Douglas Aircraft Co. 

Elevated Temperature Resistant Metal-to 
Metal Adhesives Derived from Organic- 
Inorganic Polymer Systems-—¥. C. Janis, 
Narmeo Industries, Inc., Research and 
Development Div. 

Preliminary Evaluation of Ceramic <Ad- 
hesives for Stainless Steel—L. E. Gates 
and W. E. Lent, Hughes Aircraft’ Co. 

Tensile Shear Strength of Adhesive Bonded 
Metals as a Function of the Rate of Load- 
ing—D. A. George, John Mandel, Na- 
tional Bureau of Standards, and H. R. 
Butzloff, A. O. Smith Corp. 

Bonded Metal-to-Metal Shear Testing— 
L. R. Lunsford, Convair, A Division of 
General Dynamics Corp. 

STP 271, 72 pages, hard cover, price 
$2.25, to members $1.80. 


Strength and Related Properties 
of Wood Poles 


THIS LONG-AWAITED final 
report on the ASTM Wood Pole Re- 
search Program contains an unprece- 
dented wealth of information on tests of 
full-size poles. In addition to 60 pages 
of discussion of the many factors in- 
volved in the testing of wood poles, there 
are 82 tables of data covering the testing 
of some 600 full-size treated and un- 
treated poles and over 14,000 small, 
clear specimens of the pole material. 
There are 31 figures and illustrations. 

This research program is one of the 
most comprehensive cooperative proj- 
ects ever undertaken under the sponsor- 
ship of ASTM. The $300,000, six-year 
program was prompted by the very 
limited and inconclusive test data avail- 
able on full-size poles and by incon- 
sistencies in the methods of rating the 
various species of poles. This presented 
a challenge to Committee D-7 on Wood 
to improve construction practices and 
to reduce maintenance costs of wood 
poles. 

The program was made possible only 
by the cooperative effort of a large 
number of contributing companies, 
societies, agencies, and individuals, and 
the U. S. Forest Products Laboratory, 
where all the testing was accomplished. 
Two special task groups in Committee 
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D-7 contributed much time and effort 
to the program. 

A series of interim reports issued dur- 
ing the progress of the program pre- 
sented test data with no conclusions, 
and their distribution was limited to the 
cooperators and committee members. 
This final report presents not only the 
detailed data from individual tests of 
full-size poles and matched, small, clear 
specimens, but also a comprehensive 
analysis of the data. 

Results of a supplementary test 
series presenting a study of the methods 
of conditioning and treating in relation 
to the strength of wood poles is also 
included in the final report. This 
series was confined to southern pine 
poles. 


STP 295, 181 pages, 8} by 11, heavy 
paper cover, price $5, to members $4. 


1960 Supplement to the Metal 
Cleaning Bibliographical Ab- 
stracts 

THE NUMBER of publica- 
tions concerned with metal cleaning con- 
tinues at a level comparable with pre- 
vious years, but the emphasis has 
gradually changed. New metals pre- 
sent new cleaning problems which are 
solved by new techniques or combina- 
tions of older methods. 

Over 100 references prior to 1957 have 
been found, those from 1957 to early 
1960 totaling 114. As before, indexes of 
subject, author, specification, and patent 
number have been provided. Covered 
are the fields of practical application, 
laboratory evaluation, theory, and refer- 
ences from other fields applicable to the 
subject. This book supplements STP 
90B, 90C, and 90D, so that the years 
from 1842 to early 1960 are covered in 
these four books. 


STP 90-E, 40 pages, paper cover, price 
$2, to members $1.50. Combination 
price for STP 90-B, 90-C, 90-D, and 
90-E is $8.75. 


Compilation of Chemical Com- 
positions and Rupture Strengths 
of Super-Strength Alloys 


First ISSUED IN 1955, this 
compilation was originally prepared for 
committee use only, in efforts to write 
ASTM specifications for high-tempera- 
ture, super-strength alloys. This work 
has been centered in Subcommittee 
XII of ASTM Committee A-10 
on Iron-Chromium, Iron-Chromium- 
Nickel, and Related Alloys. The data in 
the compilation were found so useful 
that the Society was asked to publish 
the booklet. 

The present edition is the second re- 
vision. All known alloys are included. 
Those no longer in commercial pro- 
duction, as well as experimental alloys, 
are so indicated. Asa matter of general 
interest, a list has been added to this 
edition of the Aeronautical Material 
Specifications (AMS) of the Society of 
Automotive Engineers, which covers the 
various alloys identified by trade name. 


STP 170-B, 8 pages, 8} by 11, heavy 
paper cover, price $1.50, to members 
$1.20 


Index to the Literature on X-Ray 
Spectrographic Analysis, Part 1, 
1913-1957 


Tuis Is the first of a series 
of bibliographical surveys of the litera- 
ture of X-ray spectrographic analysis. 
It covers 211 references for the years 
1913 through 1957, although it is ad- 
mittedly not an exhaustive compilation. 
It contains an author index as well as 
abstracts and a subject index. The 
abstracts are largely quoted from 
Chemical Abstracts, but occagionally 
they are revised or specially prepared. 


STP 292, 48 pages, paper cover, price 
$1.50, to members $1.20. 


MATERIALS SCIENCES 


AIChE To Compute 
Physical Properties 


CHEMICAL ENGINEERS say 
that only 2 or 3 per cent of the properties 
of chemicals needed for design calcula- 
tions are available from handbooks or 
other sources even though certain prop- 
erties of the compounds may be listed. 
It is essential in chemical engineering 
design calculations to have the best 
available physical properties data on 
the chemicals and mixtures of chemicals 
being processed. Some giant steps have 
been taken in the tabulation of prop- 
erties of chemicals and hydrocarbons by 


projects sponsored by the American 


Petroleum Inst., the Manufacturing 
Chemists’ Assn., the National Gasoline 
Association of America, and such 
government agencies as the Bureau of 
Standards and the Bureau of Mines. 
The American Institute of Chemical 
Engineers, through its Machine Com- 
putation Committee, whose chairman is 
W. M. Carlson of E. I. du Pont de 
Nemours & Co., Inc., proposes to 
establish research projects to extend the 
above efforts, establishing workable 
computer programs, with executive and 
subroutines for calculation of physical 
properties of chemicals based on known 
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correlations with molecular structure as 
well as proved empirical relationships. 
The results of the project will be pub- 
lished in an essentially machine-inde- 
pendent form, using the format of the 
AIChE Computer Program Manuals. 
With the increasing availability of com- 
puters in many companies, such a proj- 
ect is now feasible and will allow chem- 
ical engineers to calculate many proper- 
ties of interest. 

Properties to be considered.—-Priority 
will be given to those properties which 
are of most use in chemical engineering 
design work, including atomic and 
molecular properties such as molecular 
weight and volume; pressure-volume 
temperature relations; thermal proper- 
ties, including heat content; heats of 
vaporization, fusion, and mixing; and 
specific heat and free energy; also, phase 
equilibria, including freezing and boiling 
points, transport properties such as 
viscosity; thermal and electrical con- 
ductivity, and diffusivity; surface and 
interface properties; and miscellaneous 
properties such refractive index. 
The project will also be concerned with 
reaction thermodynamics, covering such 
properties as heats and free energies of 
formation. 

It is expected that the proposed work 
will stimulate increased — scientific 
activity toward improved correlation 
methods and toward fundamental tech- 
niques based upon molecular structure. 


International Materials 
Research Center Proposed 


ESTABLISHMENT OF an in- 
ternational center for research and edu- 
cation in the science of materials was one 
of several recommendations for in- 
creasing the effectiveness of Western 
science made by a committee whose 
activities were initiated by the Science 
Committee of the North Atlantic Treaty 
Organization. Members of the group 
include Professors I. I. Rabi of Columbia 
University and Frederick Seitz of the 
University of Illinois, with ten other 
members from Europe, most of them 
university professors. The activities 
were partly financed by the Ford 
Foundation. In its report, ‘Increasing 
Effectiveness of Western Science,”’ pub- 
lished by the Fondation Universitaire of 
Brussels, the committee states that 
“knowledge of the properties and uses of 
materials has grown enormously in re- 
cent decades. In particular, great 
strides have been made by the coordi- 
nated employment of the methods of 
experimental and theoretical chemistry 
and physics. These advances demon- 
strate the advantages of bringing the 
techniques of different branches of 
science to bear on a single borderline 
problem. Undoubtedly, there is scope 
for establishing national laboratories 
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for research into similar borderline 
problems, but it will be particularly ad- 
vantageous for Europe to tackle them 
internationally.” 

Other areas recommended for inter- 
national cooperation included the fields 
of oceanography, meteorology, ecological 
effects of pesticides, and space science. 

Recommendations also included coop- 
eration in the field of documentation, in 
particular 

(a) Collaboration between editors of 
chief scientific journals to ensure uni- 
formity in publication practices. 

(b) Affiliation of principal documenta- 
tion centers within countries. 

(c) Evolution of a single international 
system for indexing. 

(d) Universal provision of authors’ 
abstracts. 

(e) Encouragement of additional re- 
views of broad scientific fields. 

(f) Reduction of airmail tariffs for 
transmittal of single copies of scientific 
publications to libraries and_ scientific 
associations. 


Science, the Universities, 
and the Federal Government 


“In view of the growing importance 
of scientific research to national security 
and welfare, all parts of the national 
community should assume a greater 
responsibility for supporting, strength- 
ening, and expanding basic research 
and graduate education.’’ So states a 
report of the President’s Science Ad- 
visory Committee prepared by its 14- 
man Panel on Basic Research and 
Graduate Education headed by Glenn 
T. Seaborg and released by the White 
House in November, 1960. 


The Power of Science 


The report emphasizes the overriding 
responsibility of the Federal Govern- 
ment in supporting science in the uni- 
versities. In bold strokes, it presents 
compelling arguments for increasing our 
national investment in science. Science 
not only yields handsome returns of a 
material nature but, even more, science 
enlarges the spirit—“Science and tech- 
nology today have a steadily growing, 
mutual impact, so that the practical 
man has need of the closest and most 
immediate access to new results. in 
basic science ... 

“Tn economic terms, indeed, scientific 
investment has quite extraordinary 
power. Ordinary capital investment 
puts savings to work on labor-saving 
machinery that is already known and 
understood; the increased wealth pro- 
duced is what separates the developed 
modern society from helpless poverty. 
But scientific and technological invest- 
ments are still more powerful tools, 
since they invest in the discovery of 
what we do not yet understand. We 


are only just at the beginning of the use 
of scientific investment in this large 
sense, and the returns it can bring in 
are literally inealeulable. Simply in 
terms of economic self-interest our 
proper course is to Increase our invest- 
ment in science just as fast as we can, 
toa limit not yet in sight. 

“But we should not emphasize only 
the material returns of scientific invest- 
ment. Science yields a return also in 
the quality and humanity of our civ- 
ilization. Science is not merely an 
inducement to progress, it is an af- 
firmation of man’s respect for nature 
and a way to the fulfillment of some of 
his highest capacities. Seience is 
enriching, but at its best it is much 
more—it is enlarging to the spirit. 
This higher value is one we should 
never leave out of account in our 
desire to reassure ourselves that science 
‘pays.’ 


Basic Versus Applied Science 


In justification of basie research to 
the layman, the report observes 
“Because basic research is aimed at 
understanding rather than at practical 
results, the layman sometimes assumes 
that it is entirely abstract and theo- 
retical, and that only when it becomes a 
matter of industrial development does 
it ‘come down to earth.’ This is a 
false notion, and its falsity becomes in- 
creasingly clear with time. Indeed, one 
striking characteristic of our scientific 
age has been the disappearance of the 
barriers between pure and applied 
science. Not only are we finding 
important technological applications 
for mathematical and scientific knowl- 
edge which was formerly thought of as 
abstract and ‘useless,’ but the advance 
of technology has both generated new 
problems in pure science and provided 
new tools with which such science can 
be advanced more effectively. Basic 
and applied science today are dis- 
tinguished less by method and content 
than by motivation.” 


Role of Government 


On the role of the Federal Govern- 
ment the report states—‘‘We think it 
plain that the Federal Government 
should act in such areas of scientific 
promise. No other agency in our society 
is responsible for the national security, 
and a large field full of new problems, 
such as space science or materials 
research, is potentially vital to our 
safety. No other agency the 
financial strength to provide the neces- 
sary support-——and incentive—for work 
in expensive new undertakings. — It 
can be said without qualification that 
our society will be endangered and 
impoverished if these things are not 
done, and that only the Federal Govern- 
ment can take the leadership to get 
them done... 
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“The truth is as simple as it is 
important: Whether the quantity and 
quality of basic research and graduate 
education in the United States will be 
adequate or inadequate depends  pri- 
marily upon the government of the 
United States. From this responsibility 
the Federal Government has no escape. 
Kither it will find the policies—and the 
resources—which permit our univer- 
sities to flourish and their duties to be 
adequately discharged, or no one will.” 


Interdisciplinary Effort Needed 


The report urges government support 
of interdisciplinary efforts in the broad 
field of materials among others, thus 
reflecting in some measure the objectives 
of the ASTM Division of Materials 
Sciences. It states—‘‘Recently there 
has been a proper special concern for 
such large fields as materials, mete- 


orology, and oceanography. These 
newer interests frequently have the 
important characteristic that they are 
interdisciplinary. Often this over- 
worked word means nothing except 
that existing departmental divisions 
do not recognize a subject which has 
itself all the intrinsic qualities of a 
separate discipline. But there are 
also topics which really do require 
cooperative attack from many branches 
of science, and studies of materials, the 
oceans, and the air have this broader 
and truly interdisciplinary character. 
In such cases both the universities and 
the government must be particularly 
energetic and imaginative in seeking 
effective ways of encouraging basic 
research and graduate education to- 
gether, though in a really new field, 
research will necessarily precede any 
large-scale teaching program.” 


Aids for the Research-Minded 


By BRUCE W. GONSER' 


(Dr. Gonser has made some interesting 
proposals. The editors would be happy to 
consider for publication letters of reaction 
from our readers.) 


ABOUT A YEAR AGO 

December 3-4, 1959, to be exact—an 
important conference on ‘Research 
Goals” was sponsored by the National 
Science Foundation in cooperation with 
15 scientific and engineering societies. 
The conferees, an impressive list of 
deans, professors, research directors, 
and other academic and _ industrial 
leaders, came up with a series of recom- 
mendations that are worth anyone’s time 
to study. Reading them is not enough; 
thinking about them and how to apply 
them is vastly more important. 

The discussion centered on the in- 
fluences that determine the selection 
of a research goal by young scientists 
and engineers and how a venturesome, 
pioneering spirit might be encouraged to 
attain goals of real significance. Many 
of the recommendations were to colleges 
and universities on proper development 
of educational programs, on a more 
venturesome attitude in selecting re- 
searches for theses, on financial support, 
and on mixing with other research 
people, both academic and industrial. 
Closer to ASTM and ACR were the 
recommendations to scientific and engi- 


1 Technical Director, Battelle Memorial 
Inst., Columbus, Ohio. 


February 1961 


neering societies. Here, a strong ples 
was made to help the young members. 
Essentially, in greatly abbreviated form, 
these recommendations were: 

1. Establish practices to increase 
attendance and participation of talented 
young members, and develop programs 
that will bring them into stimulative 
association with leading scientists and 
engineers. 

2. Encourage philosophical papers 
and speakers that look to the future to 
stir the ambitions and thoughts of the 
youthful toward more promising re- 
search goals. 

3. Develop comprehensive programs 
on “state of the art’? to overcome the 
confusion that many young people have 
in viewing the disorganized state of 
research knowledge. 

4. Establish meetings for cross-fer- 
tilization of ideas between scientists 
and engineers in research areas of broad 
interest. 

5. Set up free forums at engineering 
society conventions where any member 
can give a short presentation of his 
creative work without previous critical 
review and without publication require- 
ment. This would be to cover current 
researches and interchange experiences. 

6. Promote and encourage financial 
support for research. 

7. Foster among society members 
the desire to stimulate creative de- 
velopment of youth outside formal 


meetings, as in undertaking, aiding, 
and encouraging projects that help 
young people develop ideas. 

These are good suggestions. They 
may not apply to ASTM quite as 
strongly as to some of the professional 
societies that have stronger, widespread 
local chapters, but there are points where 
direct’ application can be made. Cer- 
tainly we are all aware of the importance 
and desirability of getting promising 
young men into active participation in 
society activities, particularly in its 
research aspects. Possibly this can be 
done best at the local or regional chap- 
ter level where there is, or should be, 
an informal atmosphere that is con- 
ducive to meeting others and to stimulat- 
ing discussions. The one big advan- 
tage in ASTM for young people is the 
diversity of experience and _ interests 
of the membership. Recommendation 
No. 4, consequently, is especially adapt- 
able, since the personnel and material 
are present for cross-fertilization of 
ideas and stimulation from various 
branches of science. The challenge is to 
so prepare programs or chapter ac- 
tivities that this stimulating interchange 
can take place. 

Recommendation No. 5 is also par- 
ticularly intriguing. As every member 
knows, the presentation of formal tech- 
nical papers is all too frequently boring. 
This is assured if the paper has been 
printed in advance and is read. It is 
the discussions and unexpected items 
that are really interesting. Why not 
take advantage of this to set up a forum 
on current research in which the young 
investigator has a chance to tell his 
story under the most favorable condi- 
tions? Sessions on research in prog- 
ress are not new; the Metallurgical 
Society has had a number, for example 
and they have been excellent. What 
may be new is the idea of having these 
short, informal, unpublished oral presen- 
tations before a group of such diversi- 
fied interests as ASTM represents, where 
discussion from a broad background of 
sciences may give this very interchange 
of ideas that is so much desired. 

These, then, are some of the thoughts 
on how to keep up the interest and de- 
velop the talents of the youthful mem- 
bers. What about the old timer, the 
mature member? He has gained ex- 
perience and skill and friends but is 
having an increasingly hard time keeping 
up with the rapid advances in theory. 
Some of the discussions by the young 
men bring in terms and concepts that 
not only are strange and disturbing but 
may seem downright heretical. 

Probably every engineer or research 
man has wished from time to time for 
the opportunity to go back to the uni- 
versity for a few months or a year to 
bring himself abreast of developments 
in his field. Some schools do offer 


133 


| 
i 
| 
is 
- 
4 \ 
i 
aay 
| 
ig 
a 
1 


refresher courses. Then, there are the 
summer conference seminars and, of 
course, the multitude of special subject 
conferences, often sponsored by a uni- 
versity, research institution, or society 
division. Recently some attention has 
been given to the role of the professional 
society in actively promoting and sup- 
porting refresher courses as a service 
to its members. Certainly the need is 
evident for such an undertaking, but 
whether this is the province of the 
society rather than the university is 
controversial. Possibly a combination 
is worth considering. 

It might be feasible as a limited start 
for a society (including ASTM, of 
course) to arrange with a university 
having proper facilities to give a re- 
fresher course in some branch of ma- 
terials science. In fact, cooperation 


could include supplying a few special 
lecturers from the society. Each year 
attention could be shifted to another 
field of science, using the term broadly, 
until interests of the membership had 
been substantially covered. Attendance 
would not be limited to the membership 
of the society necessarily, but some 
discount or special consideration cer- 
tainly would be desirable. 

One could dream along suggesting 
many possibilities and pointing out ad- 
vantages and disadvantages, but that is 
not the idea. Rather, this discussion 
is merely to broach the subject and see 
if anyone is sufficiently interested to 
carry it further. If some interest is 
shown, the ACR, among other ad- 
ministrative groups, may look into the 
feasibility of making definite recom- 
mendations for action. 


COMING MR&S PAPERS 


Apparatus for Hardness Testing at Sub-Atmospheric Temperatures—L. France, now 
associated with Universal-Cyclops Steel Corp., R. T. Begley and H. Kohute, 


Westinghouse Electric Corp. 


Intercrystalline Cracking and Creep Rupture Life—H. H. Bleakney, Department of 


Mines and Technical Surveys, Canada. 


Good and Bad Effects of Nuclear Radiation on Rubber—J. W. Born, The B. F. 


Goodrich Co. 


Influence of Particle Size Distribution of Sand on Strength and Workability of Vi- 
brated Mortar—F. Giuliani and R. Suarez, University of Cuyo, Argentina. 

The Determination of Nickel Thickness by the Electromagnetic Test Methed in Heat- 
Sink Development—C. H. Hasting and 8. A. LoPilato, AVCO Research and Ad- 


vanced Development. 


An Apparatus for the Evaluation of the Mechanical Properties of Plastics and Other 
Materials at Sub-Zero Temperatures —G. C. Ives and J. A. Mead, Yarsley Testing 


Laboratories Ltd. 


The Development and Measurement of Gage Blocks—M. R. Meyerson, National 


Bureau of Standards. 


A Small-Panel Method for Investigating Moisture Penetration and Bond Strength 
of Brick Masonry—T. Ritchie, National Research Council of Canada. 

The Analysis of Stress-Rupture Data with a Minimum Deviation Function—M. J. 
Stutzman and J. W. Faber, Westinghouse Electric Corp. 

A Study of the Centrifuge Test for Determining the Cement Content of Fresh Concrete 
—S. Walker, D. L. Bloem, R. D. Gaynor, and J. R. Wilson, National Ready 


Mixed Concrete Assn. 


The Present Status of Organic Adhesives for Setting Ceramic Tile—J. V. Fitzgerald, 
H. B. Wagner, and F. E. Bernett, The Tile Council of America, Inc. 

Symposium on Wool Testing Research (3 papers plus an introduction). 

Symposium on Quality of Observations (4 papers plus discussion ). 


IEC in New Delhi Sets Conditions 
for Electrical Measurements 


INTERNATIONAL  AGREE- 
MENT is near on details of recommended 
procedures for conditioning electrical 
insulating materials. At a meeting of 
Technical Committee 15 on Electrical 
Insulating Materials, one of 22 com- 
mittees of the International Elec- 


trotechnical Commission that met in 
New Delhi, India, in November, 1960, it 
was agreed that, generally, the toler- 
ances on temperature and humidity 
should be +2 C (+5 C at higher tem- 
peratures) and +5 per cent, but that 
for special tests, closer tolerances may 
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be used, such as +1 C and +2 per cent. 

It was agreed that a code system 
should be used for indicating the condi- 
tions to be used. The system adopted 
is essentially that now being incorpo- 
rated into ASTM conditioning methods 
D 618. 

To give some guidance as to what 
period of conditioning should be speci- 
fied in materials specifications, a table 
of preferred times was added to the 
document. 

In discussion it was pointed out that 
the definitions for preconditioning and 
conditioning do not agree with those 
adopted by the International Standards 
Organization. This will be looked into. 


The scale of temperatures was revised 
so that there are steps of 50 C between 
200 C and 500 C, and 100 C steps above 
500 C. 

The Table of Immersion Conditions 
was changed to have a “normal water 
immersion” condition at 23 + 0.5 C, 
which is the condition adopted by ISO- 
TC/61 for water absorption of plastics, 
and it is to be so noted. The rest of the 
table listed under “liquid as specified” 
will have the temperatures 20, 23, 27, 50, 
70, 90, 105, 120, and 130 + 2C. 

The preparation and printing of 
monographs on various groups of in- 
sulating materials was thoroughly dis- 
cussed in view of the decision that no 
Central Office money could be spent on 
this. Enough countries volunteered to 
prepare and print monographs at their 
own expense to justify the continuance 
of this project. It was agreed that the 
monographs should give many details on 
the manufacturing process and should 
explain how variations in raw materials 
or in the manufacturing process would 
affect the final properties. Because of 
the necessity of curtailing the size of the 
monographs, only a few varieties of the 
same material could be presented. 
Numerical values are to be given for 
each of the typical varieties to make 
comparison easy. It was agreed that 
all the monographs of one group should 
be prepared by one country. The form 
in which IEC is to be mentioned in the 
monographs was left with the chairman. 

Other subjects on the agenda included 
electrodes, cells, and bridges for dielec- 
tric and resistance measurements. A 
new working group on electrolytic cor- 
rosion was established. The U.S. was 
represented at the TC 15 meetings by 
A. H. Seott, National Bureau of Stand- 
ards, J. F. Dexter, Dow Chemical Co., 

and K. N. Mathes, General Electric Co. 


Experts Select Mica 
Standards for India 


A TEAM OF EIGHT volun- 
teer mica experts is helping the Indian 
government establish visual standards 
for mica, a mineral of vital importance 
to the electronics and space-age indus- 
tries. The task force has spent pain- 
staking hours inspecting hundreds of 
samples received from India. 

This effort is being made to insure 
quality understanding between Indian 
producers and U. 8S. consumers. Each 
sample is visually inspected and com- 
pared with a master set of mica stand- 
ards which has been built up through the 
efforts of Committee D-9 on Electrical 
Insulating Materials. The master set 
of standards culminates years of effort in 
this field, and is now recognized through- 
out the world as a long step forward for 
the mica industry. India requested a 
set of these standards after they were 
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viewed at the ISO meeting held in 
Harrogate, England, in 1958. 

Interestingly enough, mica, whose 
electrical insulating properties make it 
of great value to the electronics in- 
dustry, must, for the most part, be pre- 
pared by hand. After being mined, the 
mineral is cleaned, the edges are 
trimmed, and the layers of mica are split 
with meticulous care into thin sheets 
along natural cleavages. It often takes 
six months to train a mica splitter in the 
art. Attempts to develop mechanical 
splitters have met with little success. 

The value of the mica depends on how 
free it is of minor flaws—waviness, 
certain stains, and other defects which 
impair its electrical resistance and its 
temperature properties. The task 
force, in reviewing the samples sent from 
India, carefully passed on each sample, 
depending on their critical eye to de- 
tect these faults in the mica. It will 
take several meetings of the task force 
before the master set is completed and 
turned over to the India Standards 
Institution. 

Members of the task force are: 
Harold E. Brafman, chairman, Sprague 
Electric Co.; Joseph A. Saladino, 
Cornell-Duhilier Electrie Corp.; Joseph 
K. Noll, Schwab Brothers Corp.; 
Frank F. Watts, Gillespie-Rogers-Pyatt 
Co.; Frank Koehler, Otto Gerdau Co.; 
Yvonne Blanchard, Manchard Trading 
Corp.; Robert J. St. Peter, Leonard J. 
Buck, Ine.; and Bradley Johnson, 
General Services Administration. 


AASHO Road Test Ends. 
Final Report Awaited 


At 10:30 a.m., November 
30, 1960, a 17 million mile driving mara- 
thon ended in Illinois, and peace and 
quiet returned to the surrounding corn- 
fields after two years of the steady roar 
of truck engines. 

The world’s largest road research pro- 
gram, conceived and sponsored by 
the American Association of State 
Highway Officials, began in earnest in 
1956 with the construction of an 8-mile 
test highway including 836 concrete and 
asphalt test sections and 18 short-span 
bridges. Field work on the project was 
handled by the Highway Research 
Board of the National Academy of 
Sciences—National Research Council. 
The $27 million cost was shared by all 
the states, the Federal Government, and 
industry. 

The fleet of 126 trucks and their sol- 
dier drivers, supplied by the Army 
Transportation Corps, covered a dis- 
tance equal to 680 trips around the 
earth in amassing the mountain of data 
which are now being analyzed. The 
final report will be available to highway 
officials and engineers throughout the 
world. 
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Museum of the History of Science, Florence, Italy 


W ues Sir Humphrey Davy and his young assistant, 
Michael Faraday, went to Florence during a European tour in 1814, 
they found there a great burning glass. It was already then an 
historic instrument, having been made in 1690 by Benedict Bregans 
of Dresden, according to the figure calculated by E. W. Tschirnhaus. 
Some seven years later it was presented to the Grand Duke of Tus- 
cany, and in 1710 it was used for experiments on the combustion of 
precious stones and for measuring the heat of the lunar surface. 
Davy and Faraday burnt their diamonds in pure oxygen inside a 
glass globe, finding that some three-quarters of an hour of heating 
was necessary to cause conflagration, and that the product was pure 
‘arbon dioxide without other constituents. The apparatus is pre- 
served in the Museum of the History of Science in Florence, Italy. 

Text by Professor Derek J. de Solla Price, Yale University. 


Copyright: text and photographs reproduced by per- 
mission of Professor Price and Arthur D. Little, Inc. 


Soiltest Promotes ASTM 
Membership Internationally 


concerned with the distribution of 
products used in engineering testing of 
soils, conerete, and bituminous 
materials, we feel that they are interes- 
ted in being kept well informed of new 
developments in ASTM specifications. 
Through this ASTM membership pro- 
gram, Sorrest hopes to develop an 
even greater infiltration of American 
standards into many countries abroad.” 


To rnteREst their 140 
sales representatives throughout the 
world in ASTM, Sorrrest, Inc. has 
recently sent each of them information 
about the Society, and an invitation 
to apply for membership. 

Soiltest president, Theodore W. Van 
Zelst, said, “since these companies are 
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Container and Material Testing 


THE DON L. QUINN COMPANY 


224 West Kinzie Street 
Chicago 10, Ill. 


Independent tests, studies, surveys, 
and consultations 


Member: ASTM, TAPPI, FPRS 


COMMERCIAL LABORATORY FACILITIES 


FOR NON-DESTRUCTIVE TEST e X-Ray (250 KVP) 
Gamma Ray Magnafiux Brinell or Rock well Hardness 
FOR STATIC TEST @ 1,000,000 Ibs. Universal Machine 
FOR DYNAMIC TEST e 9,000 Ib. Drop Hammer FOR 
FATIGUE TEST e 60,000 ib. Life Test Machine FOR 
IMPACT TEST e@ Izod or Charpy Specimens (room or sub- 
zero temperatures) FOR y ANALYSIS e 
Stresscoat @ Strain Gauge Static & Dynamic E: _ 


SYMINGTON WAYNE CORPORATION 


SYMINGTON DIVISION 


DEPEW, NEW YORK PHONE NT 3-6000 


ARIZONA TESTING LABORATORIES 


Chemists—Assayers—Engineers 
Chemical & Spectrographic Analysis 
Physical Tests—Inspection 
Soil Investigation—Sampling 
Outdoor Weathering Tests 
817 W. Madison, Phoenix, Arizone 


Member: American Council 
Independent 


INTERNATIONAL TESTING 
LABORATORIES, 
METALLURGISTS—CHEMISTS 
CHEMICAL ENGINEERS 
SPECTROG ANAL 
CHEMICAL AND PHYSICAL TESTING 


METALLURGICAL INVESTIGATIONS 
ENVIRONMENTAL TESTING 


| 578-582 Market St., Newark 5, New Jersey 


Analytical 
Laboratory 


services in: 

Spectrographic, X-ray Analysis, Chromatographic, U and 

Be Fluorometric and Chemical Analysis. 

Also conduct instruction and training in spectrographic, 

X-ray, chromatographic and fluorometric analysis. 
JARRELL-ASH COMPANY 

26 Farwell St., Newtonville 60, Mass. Teil. DE 2-2130 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM BULLETIN for 
details on how your 
card may appear here. 


Johnson Soils Engineering Laboratory 
Subsurface Exploration-Construction 
Control—Laboratory and Field Testing 
Design of Foundations and Pavements 
193 West Shore Avenue 
Bogota, New Jersey 


HUbbard 7-4408 HUbbard 7-1485 


NATIONWIDE MATERIALS TESTING 


LABORATORIES 

Mineola, N.Y. © Newark « E. Hartford 
Philadelphia © Pittsburgh 
Cleveland Cincinnati 

Detroit Indianapolis Chicago 
Dalias ¢ Houston « Los Angeles 


i Oakland « Van Nuys 
F 
TESTING MAGNAFLUX CORPORATION 
ANYWHERE A Subsidiary of General Mills 


Chicago 31, Illinois 


Ponetrants 
* Electronic * Ultrasonic « 

Sivess Analysis + X-Ray & 
Gamma Dye Penetrant 
Others 


| CARL BUSSOW 


Consulting Chemist and 
Paving Engineer 
Specialist on 
Asphalt, Petroleum and 

| Tar Products 


801 Second Ave. New York 17, N. Y. 


STILLWELL & GLADDING, INC. 


Inspection-Sampling-ANALYSIS of Chemi- 
cals, Drugs, Fats Greases, Oils, Waxes. Fer- 
tlizers, Glycerine, DDT., B.H.C., Chlor- 
dane, etc., Pyrethrum, Rotenone Products, 
Soaps, Solvents, Tests, AOAC., ASTM., 
NF., USP., Tobacco Est. 1868 


130 Cedar Street New York 6, N. Y. 


CROBAUGH LABORATORIES 
Chemical & Metallurgical Analysts for 
FOUNDRIES - METAL FINISHING » PROCESSING INDUSTRIES 

® Elevated temperature, tensile, and stress rupture testing 
® Leco oxygen determination 
® |. R. and U. V. Spectrophotometry 


Since 1894 
THE FRANK L. CROBAUGH CO. 
3800 PERKINS AVENUE . CLEVELAND 14, OHIO 


Member of American Council of Independent Laboratories 


COMPLETE LABORATORY SERVICE 


CHEMISTR 


UNITED STATES TESTING . 


COMPANY, INC. 


HOBOKEN, N. J. 


VIBRATION NEW YORK TULSA 


DESERT SUNSHINE 
EXPOSURE TESTS 


7740 N. 15th Ave. 


} 
° Phoenix, Arizona 


WE TEST ANYTHING UNDER THE SUN 


Chicago Spectro Service Laboratory 
Spectrographic and Chemical 
Analysts—Metallurgists 
Quantometer (Direct Reading Spectrograph) 
for Metal Analysis 
X-Ray Spectroscopy 
2454 W. 38th St. Chicago 32, Ill. 
Member: American Council of Independent Laboratories 


ACADEMY TESTING LABORATORIES, INC 


Metallurgists—Chemists 
METALS 


Analyses—Tests—lInvestigations 


Metallographic 


Mechanical—Chemical—Environmental 


350 W. 31 St., N. ¥. 1, .N. Y. S. A. Montanaro 


“FIRST IN FASTENER RESEARCH” 
Physical Testing Fatigue- 
Static-Creep & Stress 
Rupture-Cryogenic 
Military Qualification 
Evaluation Programs. 
ALMAY RESEARCH & TESTING CORP. 
3510 E. 14th St., Los Angeles 23, Cal., AN 8-3546 


Cable ‘‘Sayboltoil’’ All Standard Codes—Specify 
TANK STRAPPING 


E. W. SAYBOLT & CO., INC. 
INSPECTORS OF PETROLEUM 
Licensed by New York Produce Exchange 

265 Bayway, Elizabeth 2, N. J. 
Dependable Inspection Service at ‘All Points 
Bulk Cargo | cti ur S 
Laboratories and Offices in oo cities 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM Bulletin for 
details on how your 
card may appear here. 


4101 N. Figueroa 


TRUESDAIL 
Laboratories, Inc. 


CHEMISTS ENGINEERS 
BACTERIOLOGISTS 


Member: American Council of Independent Laboratories 


COMPLETE TESTING FACILITIES 


Reinforced Plastics 


LOW AND HIGH TEMPERATURE 
ENVIRONMENTAL PHYSICAL, 
ELECTRICAL AND CHEMICAL 
TESTING GOV‘T WELD CERTI- 
FICATION 

* RESEARCH ANALYSIS 


Division Studebaker-Packard Corp. 
P. ©. BOX CINCINNATI 15, OHIO 


RESEARCH 
DEVELOPMENT 
QUALITY CONTROL 


54 BAGLEY 
PHONE WO 1-458 
DETROIT 26, MICH 


THE DETROIT TESTING 


LABORATORY, INC. 


Member: 


American Council of Independent Labortories 
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CHARLES C. KAWIN COMPANY 


METALLURGICAL CHEMISIS—FOUNDRY & 
METALLURGICAL CONSULTANTS 
METALLOGRAPHERS—SPECTROGRAPHERS 
PHYSICAL TESTS 
431 S. Dearborn St. Chicago 5, Ill. 
P. O. Box 2035 Buffalo 5, N. Y. 


Member : American Council of Independent Laboratories 


Water Service Laboratories, Inc. 


Specialists 
in 
Water Treatment 


Main Office: 615 W. 131 St. N. Y. 27, N.Y. 


COMMERCIAL TESTING & ENGINEERING Co, 


CHEMISTS, ENGINEERS & INSPECTORS 
COAL—COKE—IRON ORE 
PETROLEUM PRODUCTS—MINERALS 


228 N. LaSalle St., Chicago 1, Ill. 
Charleston, W. Va. Norfolk, Va. Cleveland, O. 
Terre Haute, ind. Toledo, O. 
Madisonville, Ky. Strattanville, Pa. 


| COMMERCIAL TESTING CO., INC., Buffalo, N. Y. 
FUEL RESEARCH & INSTRUMENT CO. Indpis., Ind. 
Member: American Council of Independent Laboratories 


PATZIG TESTING LABORATORIES 


ENGINEERING INSPECTION 
TESTS e ANALYSIS e RESEARCH 
= 
EQUIPMENT e APPLIANCES 
MATERIALS & PRODUCTS 
ingersoll Ave. & 23rd St. Des Moines, lowe 
Member: American Council of Independent Laboratories 


—— 


parizig 


The Oldest Commercial Laboratory 
In America 


BOOTH, GARRETT & BLAIR 
| Established 1836 


Analytical and Consulting Chemists 
Samplers and Weighers 


228 South Ninth Street Philadelphia 7, Pa. 


Omaha Testing Laboratories 
Chemists, Testing and Inspection Engineers 


Testing, Inspection, Consultation, Design of 
all types of building and paving materials. 


Investigation of Foundation Soils 
511 South 20th St. Omaha 2, Nebraska 


Tel. HI 2-3469 
CORMET METALLURGICAL LABORATORY 


P. O. BOX 231 


HAROLD C. SCHANCK, JR. 
Director 


FORDS, N. J. 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM Bulletin for 
details on how your 
card may appear here 


PORE SIZE DETERMINATIONS 


Complete pore spectra by mercury intrusion, 1000 
to 0.1 micron diameter. A\ll materials: ceramics, 
metals, plastics, carbon. Filters, catalyst carriers, 
structura! materials, electrodes, separators, etc. 
PRADO LABORATORIES 
P. O. Box 2607 Cleveland 7, Ohio 


Write for explanatory literature. 


Europe 


Herron Testing Laboratories, Inc. 


Analysis — Testing — Inspection 
Chemical 
Radiographic 


Physical 
Metallurgical 


Subsoil Evaluation — Concrete Control 
5405 Schaaf Road, Cleveland 31, Ohio 
Laboratori 


Member: American Council of Independent 


Seelye Stevenson Value & Knecht 


Consulting Engineers 
Richard E. Dougherty, Consultant 


Airports, Highways, Bridges, Dams, Water Supply 
Sanitation, Tunnels, Piers, industrial Plants Reinforced 
Conerete, Steel, Industrial Waste Disposal, Foundations, 
Soil Studies. 

CIVIL —- MECHANICAL — ELECTRICAL 
101 Park Avenue New York 17, N. Y. 


PITTSBURGH TESTING 
LABORATORY 


Testing—Inspection—Analysis 
Radiography—Soils Mechanics 
Main Office Pittsburgh, Pa. 


32 Laboratories in Principal Cities 


KONING & BIENFAIT 
Testing Laboratorics of Building Materials 
Consulting Engineers — Metallurgists —Chemists 


Inspection — Sampling — Testing — Analysis 
Research — Development — Control 


Coa!, Oils, Fats, Waxes, Cement, Concrete, Steel, Water, 
Gases, Solvents, Paints, Ores. Established 1890 


104 Dacostakade. Amsterdam-W. P.O. Box 6005 


SOUTHWESTERN LABORATORIES 
since 1912 
Analytical Chemists 
and Testing Engineers 
Inspection, Testing, Chemical, Foundation 
Soils, Environmental, Metallographic and 
Radiographic Work 
Fort Worth, Dallas, Houston, Beaumont 
and Midland, Texas 
Member: American Council of Independent Laboratories 


PENNIMAN & BROWNE, INC. 


Chemists © Engineers © Inspectors 


@ Chemical Analysis e@ Concrete, Asphalt Design 

@ Chemical Engineering © Core Drillin 

Combustion Engineering @ 

@ Industrial Hazards @ Physical & Load Tests 

@ Metallurgy & X-Ray @ Soils Mechanics 

@ Research & Development @ Weighing & Sampling 
6252 Falls Road, Baltimore 9, Md. 

Member: American Council of Independent Labs, Inc. 


PELMOR 


TESTING — RESEARCH 


R 
401 Lafayette St. 


Newtown, Pa. 


JOSEPH S. WARD, INC. 
SoIL TESTING LABORATORY 
Identification and Strength Tests on 
Soils, Field Supervision, Reports, 

Consultation. 
91 Roseland Avenue, Caldwell, N. J. 
Jefferson Building, Phila. 7, Pa. 


THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Laboratory —Sewage Flows—Analysis 
Construction Control—Soil—Concrete 
Bituminous Pavements—Water Waste Survey 
Seismographic Surveys 


4120 Airport Road Cincinnati 26, Ohio 


INSPECTORATE 


International Inspection Office 
Inspecting & Consulting Engineers 


Member: ASTM, IEI, VDE, & AEI. 


Grupellostr. 19—Diisseldorf/Germany 
Cables: Inspectrum Diisseldorf 
Telefon 2 68 44-45 
@ ELECTRICAL TESTING 

LABORATORIES, INC. 
2 East End Avenue, New York 21, N.Y. 
Electrical, Electronic, Environmental, 
Photometric and Chemical Laboratories, 
Testing, Research, Inspection and Certification 
Member: - of Independent 


BOWSER-MORNER 


TESTING LABORATORIES, INC. 
Ch ct 


Spectrographic and Chemical Analysts— 
Concrete i & Control—Soils Investigation 


Environmental Testing 
P.O. Box 51 Dayton 1, Ohio 
Laboratories 


Member: American Council of Independent 
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SOIL TESTING SERVICES, INC. 


Consulting Soil & Foundation Engineers 
John P. Gneedinger Clyde N. Baker, Jr. 
Site Investigations 


| Foundation Recommendations and Design 
| Laboratory Testing, Field Inspection & Control 
| 


1827 N. Harlem Avenue, Chicago 35, Illinois 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM Bulletin for 
details on how your 
card may appear here 


SHILSTONE TESTING LABORATORY 
Chemists & Engineers 
Spectrographic Analyses* 
New Orleans, La. 


Inspection at all leading industrial centers 


Member: American Council of ind dent Laboratori 


*Houston, Tex. 


ABBOT A. HANKS, Inc. 
Established 1866 


Engineers—Chemists—Assayers—Samplers 
Spectrographers; 
Inspection—Tests—Consultation—Research 
Member: American Council of Independent Laboratories 


1300 Sansome Street, San Francisco 11, California 
EXbrook 7-2464 


MILLION VOLT X-RAY SERVICE 


also 
Low Voltage X-ray, Gamma-ray 
Magnefiux, Zyglo, Ultrasonics, Impact, 
Chemical, Metallography, Physical, 
Hardness, Stress Rupture, Spectro- 
chemical Tests. 
Laboratory and Field Testing and 
Inspection. 
ARNOLD GREENE TESTING LABORATORIES Inc. 
Oak Street © East Natick Industrial Park 
East Natick, Massachusetts 
OLympic 3-5950 


SUB-TROPICAL TESTING SERVICE, INC. 
since Originators of public 
1929 weather-testing service for 
paints, plastics, fabrics, etc. 
Marine testing... 
Free literature 


Member: a ACS, 


8290 S.W. 120th Street 
Miami 43, Florida 
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ROBERT W. HUNT COMPANY 
ENGINEERS 


Inspection, Tests, Consultation, 
esearc 


CHEMICAL, PHYSICAL, TEXTILE, 


METALLURGICAL, CEMENT and 
CONCRETE LABORATORIES 


810 S. Clinton St., CHICAGO 7, All Large Cities 


South Florida Test Service, Inc. 


Testing @ Research @ Engineers 


Consultants and specialists in corrosion, 
weathering and sunlight testing. 

4301 N. W. 7th Street Established 

Miami 44, Fla. 1931 

Member: American Council of Independent Laboratories 


WALTER H. FLOOD & CO. 
Consulting Chemical Engineers 
TESTING AND INSPECTION 
OF MATERIALS 
CONCRETE CORING 
SOIL BORING 


6192 South Blackstone Ave. 
Hyde Park 3-1512 
CHICAGO, ILLINOIS 


LEDOUX & COMPANY, 


INC, 
Chemists, Assayers, Engineers 
Samplers and Weighers 
Spectroscopists 
359 ALFRED AVENUE 
TEANECK, NEW JERSEY 


Member: American Council of Ind dent Laboratori 


NATIONAL SPECTROGRAPHIC LABORATORIES, INC 


W. B. COLEMAN & CO. 
Metallurgists-Chemists-Engineers 
Spectrographic Analysis 
Chemical and Physical Testing 
Metallurgical Investigations 
Boiler Water Conditioning 
Consultation Service 


9th & Rising Sun Ave., charity 40, Pa. 


Council of ind 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM Bulletin for 
details on how your 
card may appear here 


A COMPLETE TESTING SERVICE 


Environmental Mechanical 
Vibration Market Research 
Radio Quality Control 
Electronics Product Testing 


YORK RESEARCH CORP. —STAMFORD, CONN. 


YARSLEY TESTING LABORATORIES 
LIMITED 


Founder: DR. V. E. YARSLEY— in practice since 1931 
TESTING, ANALYSIS 
n Great Britain and Europe of 
Plastics, Rubbers, Adhesives, Wood, Plywood, 
Board, Insulation, Ceramics, Glass, etc., etc. 
OFFICIALLY APPROVED TEST HOUSE 
Clayton Road, Chessington, Surrey, ENGLAND 


Send For FREE DA TA on Research 
| ] Services for YOU OC Analytical Services 
| OC Product Evaluation | 
| FOSTER D. SNELL, INC. | 
Consulting Chemists e Chemical Engineers | 
| 99 West 15th Street New York 11, N. Y. 
| WAtkins 4-8800 Direct Dialing Area 212 | 
| Baltimore, Md. © Bainbridge, N. Y. | 
L Member: American Council of Independent Labs. | 


SOUTHERN LABORATORIES, INC. 
Engineers—Chemists 


Sub Soil Investigations 
Physical, Chemical, and 
Soil Laboratories 
Research & Inspection 
Complete Model Shop 


P. O. Box 346, Mobile, Alabama 


TESTING 
LABORATORIES 


P. 0. BOX 1241, WILMINGTON, DEL. 


Analysts 
Research Physical Testing 
Development Salt Spray 
Investigations Radiography 


TOLEDO TESTING LABORATORY 


Engineers — Chemists — Geologists 
Concrete — Soils — Asphalt 
Inspection — Tests — Research 
Soil Test Borings — Diamond Drilling 
Soils Mechanics Laboratory 


1810 North 12th St., Toledo 2, O. 


EDWARD J. FOLEY 


Forging Applications 
Alloy Specification 
Analyses of Failures 


Box 3727 Milwaukee 17, Wis. 


SMITH-EMERY COMPANY 


Chemists — Engineers 


Sampling, Analyzing, Assaying 
Spectrography, Physical Testing 


Member: American Council of Independent Laboratories 
781 E. Washington Blvd. 


Los Angeles 21, Calif. 


Construction Materials 
& Structural Systems 
Testing 

& Researc 


THE THOMPSON & LICHTNER CO., Inc. 


8 Alton Place, Brookline, Mass. 


WARNER LABORATORIES 
Cresson, Pa. 
Coal Analysis—Sampling—Washability 
In the Heart of Bituminous Production 
Also Clay—Lime—Limestone 
Mineral Fillers—Water 
Established 1923 Member: A.C.LL. 


4715 York Rd. 


GRAHAM, SAVAGE & ASSOCIATES, ine. 


Consulting—Engineering—Research 
Electroplating and Metal Processin 


Waste Treatment and Production Problems 


Surveys—Designs—Specifications 


Jenkintown, Pa. 
1724 Clinton St., Kalamazoo, Mich. 


Materials Research & Standards 


| = 

= = 

| 

COMPERT ENRABORATORY FAGILITIES 

| Ana uc teri 

Indu! giene Health Physics 

| Meta@iur C ie iculture 

| 1180 Mialeah, da 5-1691 | 

| 

: 

| i 

| 

| 

| | 

| 

| 

| 

138 


For music under the stars 


Dome of Pittsburgh Auditorium, in partly opened position, shows stadium within. 


The 400-foot rollback dome of the new Pittsburgh Auditorium 
is supported by one huge welded cantilever backwork. 
Welds were proved sound by radiography. 


The “leaves” of the great dome over 
Pittsburgh’s new auditorium move 
on a circular track turning on an 
overhead pivot. There are no 
interior supports. When the dome 
swings open, the anchors of the 
backwork holding it up are under 
about 4,000,000-lb. tension, the 
buttress under 7,000,000-lb. thrust. 
Every weld in the system is critical. 

To assure the integrity of all 


welds, U.S. Steel’s American Bridge 
Division radiographed them using 
Kodak Industrial X-ray Film. This 
radiographic inspection provides a 
permanent record of the soundness 
of the welds. 

If you would like to learn more 
about radiography in terms of your 
business, talk it over with an x-ray 
dealer, or write us for a Kodak 
Technical Representative to call. 


EASTMAN KODAK COMPANY 


X-ray Division 


Rochester 4, N.Y. 


X-ray shows a sound weld in an I-beam flange supplied by American 
Bridge Division of the United States Steel Corporation. 


GOOD NEWS! Kodak 
Industrial X-ray Film, Type 
AA and Type M, is now 
available in the new, con- 
venient Ready Pack. Each 
sheet—sealed in a light-tight 
envelope ready for exposure 
—stays clean. After exposure 
a rip strip on the envelope 
makes it easy to open in 
the darkroom. 
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Members who wish to be considered for reviewing books are invited to send in their 


names and the subjects in which they are interested. 
erations, requests from the United States only can be considered. 


Due to customs and mailing consid- 
Copies of these 


books are not available through ASTM; all inquiries concerning them should be ad- 


dressed to the publisher. 


The Mechanical Properties of 
Intermetallic Compounds 


Edited by J. H. Westbrook; John Wiley & Sons, 
Inc., New York, N. Y. (1960); 434 pp.; Illus; 
$9.50. 


Reviewed by L. L. Wyman, National Bureau of 
Standards, Washington, D. C. 


THIS Most interesting 
book contains the 17 technical papers 
and discussions that were presented by 
an international array of 28 contribu- 
tors during a symposium held in May, 
1959, under the auspices of the Electro- 
chemical Society. The subject matter 
encompasses the broad field of inter- 
metallic compounds ranging from the 
strictly stoichiometric compounds with 
no appreciable solvent potential (Dal- 
tonides), through those possessing ap- 
preciable solubilities (Benthollides), and 
on to other intermediate phases whether 
or not they may possess ordered struc- 
tures. 


The first paper, by Dr. Westbrook, 
serves as an excellent introduction by 
presenting a very comprehensive review 
of the entire range of mechanical prop- 
erty considerations with respect to 
these materials, their applications, and 
potentialities. Succeeding chapters 
cover the broad aspects of temperature- 
structure relationships, experimental 
techniques, effects of dislocations and 
point defects, and finally, a series 
of presentations each devoted to the 
mechanical characteristics of specific 
compounds. 

In contrast to the extensive literature 
on the solid-state electronics applica- 
tions of some types of stoichiometric 
intermetallic compounds, this sympo- 
sium publication serves well to empha- 
size the potentialities in alloy develop- 
ment of all materials of this general type. 
For example, some of these compounds 
are characterized by high melting point, 
and some by high-temperature ductility, 
both of which indicate a potential for 


alloy development for elevated-tempera- 
ture application. 

Though the subject matter has been 
directed toward the mechanical proper- 
ties of these materials, the reader can 
hardly fail to be impressed by the wealth 
of fundamental structure considerations 
that are elicited, and by the wide op- 
portunities that exist for fruitful re- 
search in this area. 

The editor is to be commended for 
his action, as stated in the preface, 
in sacrificing editorial perfection to 
prompt publication, the book being so 
interesting and instructive that the 
few deficiencies are readily overlooked. 
The book is certainly to be recom- 
mended to all physical metallurgists in- 
terested in alloying and allow develop- 
ment. 


Extractive and Physical Metallurgy 
of Plutonium and Its Alloys 


Edited by W. D. Wilkinson; Interscience Pub- 
lishers; 314 pp., Illus.; $10.50. 
Reviewed by L. L. Wyman, National Bureau of 
Standards 
THIS SYMPOSIUM volume 

marks the first instance wherein the 
whole story of plutonium chemistry 
and metallurgy has been defrocked of 
its shroud of secrecy and related in one 
compilation. 

The first paper in this volume outlines 
the general properties of the metal, as 


(Continued on p. 142 


Reliable, Consistent Test Results With. . . 


OREC 0300 Automatically Controlled Ozone Test Chambers 


REPRESENTATIVE CUSTOMERS 
UTILIZING OREC OZONE TEST 
EQUIPMENT 


Anaconda Wire & Cable Co. 
E. |. DuPont de Nemours & Co. 
Esso Research & Engineering Co. 
Firestone Industria! Products 
General Electric Company - 
General Tire & Rubber Co. 

B. F. Goodrich Research Center 
Goodrich Gulf Chemical Co. 
Goodyear Tire & Rubber Co. 
General Motors Corporation 
Phelps Dodge Corporation 
Phillips Chemical Co. 

Texas U.S. Chemical Co. 

TLARGI, U.S.C. 

U. S. Rubber Company 

Shel! Chemical Corporation 


Fe 
t 


Orec 0300 Series employ an “*electronic-chem- 
ical loop feed back servo system to achieve 
and precisely maintain chamber ozone concen- 
trations. 


Orec 0300 with Dynemic Stretching Apparatus. 
* patent pending 


Write for illustrated brochure 


OZONE: 

TEST CHAMBERS, 6 MODELS 
AUTOMATIC CONTROL SYSTEMS 
RECORDING INSTRUMENTATION 
STRETCHING APPARATUS 
MEASUREMENT INSTRUMENTATION 
GENERATORS 

TESTING SERVICE 

RESEARCH & DEVELOPMENT 


Ozone Research and Equipment Corporation 


3840 North 40th Avenue 


Phoenix, Arizona 
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Modernize 
your laboratory 
with Cenco 


QUALITY EQUIPMENT 


HOT PLATE MAGNETIC STIRRER 


Combines an electric hot plate 
and magnetic stirrer which can 
operate independently or simul- 


taneously. Variable speed stirring 
is powerful enough to stir 250 ml 
beaker of pure glycerin. Heat con- 
trolled thermostatically. Top plate 
is 7%” of cast aluminum. 


No. 16632 


CYLINDRICAL OVEN 


An all-purpose, econom- 
ical, three-shelved oven for 
incubation, drying, sterili- 
zation or baking. Precise 
control of temperatures 
from 37° to 200 C, with var- 
iations as slight as 0.25 
sensed by built-in thermo- 


regulator. Chamber dimen- 
sions are 14%” diameter, 
11%” depth. Specify either 
115 or 230 volts. 
No. 95051 


CENCO-LERNER 
LAB JACK 


This precise, utility sup- 


$201.75 
port quickly adjusts 
through an elevation range 


of seven inches and will 
support 100 pounds. Par- 
ticularly useful for support- 
ing hot plates, oil baths, 
and for accurate position- 
ing of ground glass joints. 
A removable auxiliary plat- 
form, eight inches square, 
increases work area. Comes 
with 17%” support rod. 


No. 19089..... 


For further information on Cenco's complete line of laboratory 
equipment, teaching aids and scientific apparatus, contact your 
nearest Cenco salesman, or write. 


CENTRAL SCIENTIFIC CO. 
A Subsidiary of Cenco Instruments Corporation 
1718-G Irving Park Roade Chicago 13, Illinois 
Mountainside, N. J. Montreal Santa Clara 
Somerville, Mass. Toronto Los Angeles 
Birmingham, Ala. Ottawa Vancouver Houston 
Cenco S.A., Breda, The Netherlands Tulsa 
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since 1889 


V CHECK 
PRODUCTION TOOLS and DIES 
YOU NEED and 


Send for Information 


Hoggson engineers 
are recognized ex- 
perts in design and 
development of hand 
tools, and molds 
and dies to ASTM 
standards or to 
users’ specifica- 
tions. 


CHECK NOS. of ITEMS YOU'RE INTER- 
ESTED IN and RETURN for PROMPT REPLY 


1. D-15, FOUR [) 4. ONE-ARM 4 
CAVITY MOLD TILE ROLLER : 
FOR TENSION 
TEST © 5. NARROW 6. 

PRICKER 
< TIRE CORNER 
O 3. NO. 175 — [}] 6. TURNOVER 
CONCAVE TOOL ‘. 5. 
7. GOOSE NECK 
STITCHER 
(1 8. FULL ROUND 
FACE STITCHER 
[1 9. SMOOTH FACE 
(1 10. CUT FACE 
17. 
11. PORCUPINE 
12. FLAT FACE 
2 0 13. BEVEL 
16. 14. CONCAVE 
13. 15. KNURLED 
BEVEL FACE 
0 16. AWL 
17. FABRIC HOOK 
(0 18. BENCH MARKER 
(1 19. ASTM D575 
CIRCLE CUTTER 
SEND for FOLDER 
on HOGGSON 


Production Tools 
and Dies for the 
Rubber and Plas- 
tics Industries. 


Manufactured by: 
HOGGSON & PETTIS MFG. CO. 
133 Brewery St., New Haven, Conn. 

PACIFIC COAST 
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well as its allotropes and transforma- 
tions. Included are data on each of the 
six allotropic forms of this unusual man- 
made element. 

Following this introduction, about 
one third of the text is devoted to six 
papers which present, in excellent de- 
tail, the various steps in the extractive 
metallurgy of plutonium. ‘The first of 
these papers presents the pros and cons 
of a number of methods of obtaining the 
metal from itx oxides, fluorides, and 
chlorides by metallic-reduction, as well 
as plutonium recovery from product 
slags. Two papers discuss the chem- 
istry of the separations and purification 
of the metal salts; two others detail the 
development of calcium bomb reduc- 
tion of the fluoride and chloride as 
practiced at Los Alamos, and the cal- 
cium reduction of the fluoride which is 
used in France. Additionally, one 
paper describes the purification methods 
used to remove _fission-product 
ments. 

The physical metallurgy portion of 
this volume is most appropriately intro- 
duced by an excellent discussion of the 
alloying behavior of plutonium in which 
the author points out that this metal, 
with its six allotropic modifications, 
“offers a unique opportunity to study 
the factors which influence the stability 
of one phase with respect to another.” 
This naturally relates to alloying 


ele- 


characteristics, wherein the author pre- 
sents excellent discussions of this sub- 
ject from the standpoint of the Hume- 
Rothery, Matt, Pauling, and Brillouin 
concepts. In fact, to those physical 
metallurgists who are interested in alloy 
theory, this one paper is well worth the 
purchase of the volume. 

Two subsequent papers are devoted to 
the cerium and the zine binary systems 
with plutonium; two others are con- 
cerned with metallography and its tech- 
niques; two more are devoted to phase 
transformations in the metal; and a 
final paper concerns zone refining. 

The editors are to be congratulated 
for deciding to include a comprehensive 
annotated bibliography on plutonium, 
for, as they point out, most metallur- 
gists have a lot of “catching up” to do 
with respect to their familiarity with 
this metal and they are greatly assisted 
by this compilation. 

Not only because this volume is the 
first to present the whole story of this 
excitingly new metal, but also because it 
also presents an excellent picture of 
present-day metallurgy, it can be most 
highly recommended. 


Mechanics of Materials 

A. Higdon, E. H. Ohlsen, W. B. Stiles; John 
Wiley & Sons, Inc., New York, N. Y. (1960); 516 
pp.; Illus.; $7.75. 


Adapted from publisher's description. 


HAVE in- 
textbook, 


THE AUTHORS 


corporated in this college 


BEFORE PRODUCTION BEGINS... 


KNOW THE FLOW PROPERTIES OF YOUR POLYMERS | 


RECORDED STOCK TEMPERATURE 


Ht POLYPROPYLENE_ rc 
JACKET TEMPERATURE: 197 
SAMPL 
TALL 
170 
3 ERATURE 
2 


MINUTES OF SHEAR 


Keeps trouble out of your production line 
and saves you the high cost of time-con- 
suming plant experimentation, scrap 
expense and down time. Accurately 
records plastic flow of all polymers at 
temperatures to 600°F and, under typical 
processing conditions, forecasts .. . 


WITH THE VARIABLE SHEAR RATE 
RECORDING PLASTOGRAPH 


W® Molding and Extrusion Performance 

@ Polymer Stability 
@ Polymer Melt Flow at Various Shears | 
@ Effect of Each Additive 


@ Decomposition Factors | 
@ Temperature-Viscosity Relationship | 
@ Production Rates | 


SEE FOR YOURSELF! Typical data shown above. Bring or send us | 
YOUR samples for free testing. Write for technical application bulletins. | 


C. W. Brabender Instruments 


SOUTH HACKENSACK, N. J. * 57 E. Wesley Street * Diamond 3-8425 
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designed for a first course in mechanics 

of materials, the benefit of their wide 
experience as teachers in departments 
of theoretical and applied mechanics. 
All three are graduates of Iowa State, 
and have taught at that and other 
universities. Archie Higdon, active in 
ASTM Rocky Mountain District work, 
is head of the Department of Mechanics, 
U.S. Air Force Academy. 

Chapters of the book cover Centric 
and Torsional Loading; Flexural Load- 
ing—Stresses; Flexural Loading—De- 
flections; Statistically Indeterminate 
Beams; Combined Loading; Columns; 
Repeated Loading; Dynamic Loading; 
Connections; and a series of helpful 
appendices with tabular data. A large 
number of problems are included, thus 
making it feasible to vary the assign- 
ments from term to term. Extensive 
use has been made of previous student 
work in statics and the calculus. 

Instead of deriving numerous formulas 
for all types of problems, the authors use 
free-body diagrams and equations of 
equilibrium, together with the geometry 
of the deformed body and the observed 
relations between stress and strain, for 
the analysis of the force system acting 
ona body. 

It is felt the book would meet the 
primary objectives of a course in 
mechanics, which include a good knowl- 
edge of the relations between applied 
loads and resulting deformations, a 
thorough understanding of the relations 
between applied loads and the stress 
produced, relations between stress and 
strain for wide varieties of conditions, 
and procedures for determining the 
required dimensions of a_ specified 
material to carry a load. The very 
profuse use of illustrations should help 
the student greatly. 


Transactions of the Vacuum 
Metallurgy Conference 


Edited by R. F. Bunshah, New York 
University Press (1960); 212 pp.; $7.50 


Reviewed by L. L. Wyman, Nationa! Bureau of 
Standards 


THIS VOLUME includes 22 
papers presented at the 1959 meeting, 
together with a five-year bibliography 
on electron-beam techniques. The vol- 
ume is divided into six sections, four of 
which are concerned with various phases 
of vacuum melting, casting, and de- 
gassing; the others being devoted to 
electron-beam techniques and vacuum 
metallurgy applications. 

The first section consists of seven 
papers; three of which describe proc- 
esses for melting and casting the re- 
fractory metals; three others concern 


titanium, zincaloy-2, and thorium; 
while the final paper describes the 


effects of magnetic stirring on the grain 
refinement of several steels. 

The one paper on vacuum castings 
describes several installations which 
iave been made for melting and casting 
master alloys up to 2400 lb, as well as 
for semicontinuous production of cast- 
ings of from 17 to 350 Ib. 


(Continued on p. 144) 
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MANUFACTURER 


33,000, 40,000, 50,000 psi 


LEDE 


February 1961 


NOW... 


Every LACLEDE Multi-rib Reinforcing Bar 
is Marked to Show SIZE and STRENGTH... 


ONE LINE 


Standard high strength steels* permitting greater economy and efficiency in 
reinforced concrete design under the provisions of the new A.C.I. codes 
must be identified. Recognizing this need, each Laclede Multi-rib reinforcing 
bar can now be completely identified as to size, strength and origin through 
a new rolled-in marking system. This assures the designer, contractor, and 
code writer that the proper grade of reinforcement is used on the job. 


Demand these new time-saving Laclede bars for your next construction job. 


Visit Our Booth—48 


75,000 min. psi 
ASTM (A431)* 


60,000 min. psi 
ASTM (A432)* 


at the A.C.I. Meeting in St. Louis, Feb. 20-23 


LACLEDE STEEL COMPANY 


SAINT LOUIS, MISSOURI 
FOR FURTHER INFORMATION CIRCLE 934 ON READER SERVICE CARD 


Producers of Steel for Industry and Construction 
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FORNEY 
CONCRETE 


TESTERS 


meet the exacting requirements of 
the construction industry's concrete 
testing applications. 

Forney engineers are proven special- 
ists in the concrete testing equip- 
ment field. For eleven years they 
have furnished the industry with 
quality testing equip t, ies 
and supplies. 


MODEL FT-30 HEAVY-DUTY 
PORTABLE CONCRETE 
TESTER 


Latest addition to a complete line 
of portables, the FT-30 brings labora- 
tory performance right to the job 
site. Self-contained power unit elim- 
inates cumbersome hose and manual 
pumps. Loading speed is completely 
variable for accurate conformance to 
current ASTM standards. 


MODEL PT-15 
TILE TESTING MACHINE 


Has 14,000-lb. capacity and is de- 
signed tor testing clay and concrete 
drain and sewer tile up to 24” |.D. 
and 48” lengths. Equipped with two 
pumps for fast loading and slow ap- 
plication of critical load. Conforms to 
current ASTM standards. 


ALL FORNEY EQUIPMENT UN- 
CONDITIONALLY GUARANTEED 


KNOWN THE WORLD OVER 


FORNEY' INC, 
Tester Division 
P. O. Box 310 
New Castle, Pa., U.S.A. 
Phone OLiver 2-661! 
Cable : Forney's, New Castle 
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In the area of vacuum induction 
melting, the single presentation gives 
a well detailed description of the proc- 
ess of removing gases and volatile ele- 
ments from melt charges of electrolytic 
iron. 

The vacuum degassing process is rep- 
resented by two papers; the first being 
a fairly well detailed description of 
steel-mill ladle degassing of tonnage 
heats; while the second paper presents a 


| discussion of new results and develop- 


ments in vacuum steam-degassing in 
several stages. 

The current interest in electron-beam 
processes is well represented by five 
papers and a five-year bibliography on 
this subject. The individual papers 
melting processes for ti- 
tanium and its alloys, as well as for 
beryllium, while other papers detail 
beam-welding and the  floating-zone 
purification of tungsten. 

The section on vacuum metallurgy 


| applications presents six papers covering 


brazing and melting of conventional 
and special alloys, as well as one paper 


| on vacuum coating. 


This volume is a very useful reference 
source on this subject. However, for 
those who are interested in particular 
processes or materials, it might be well 
to scrutinize the papers on the subject, 
inasmuch as there is a wide variance in 
the nature of the presentations, some 
being technically well detailed, while 
general discussions. 
In general, the papers in this volume 
represent a rather comprehensive and 
useful coverage of interest and activity 


| in the current aspects of vacuum metal- 


lurgy. 


Army Research Task Summary, 
1960 


Office of Technical Services, Business and De- 
fense Services Administration, U. S$. Department 
of Commerce, Washington, D. C. 


Adapted from publisher's description. 


ARMY RESEARCH and de- 
velopment projects in the major fields of 
science and technology current in June, 
1960, are reviewed in this six-volume se- 
ries. ‘The series reports work done un- 
der the Army’s research and develop- 
ment program in Army laboratories and 
by private contractors. In addition to 
listing agencies, contractors, and princi- 
pal investigators, each volume contains 
a brief description of the purpose, scope, 
and status of all research projects as of 
June 30, 1960. The six volumes are: 


Vol. 1—Medical, Biological, and Social] 
Behavioral Sciences, PB 171000, 444 
pp., $3.75. 

Vol. 2—Chemistry, 
pp., $3.75. 

Vol. 3—Physics (Part 1), 
494 pp., $3.75. 

Vol. 4—Physies (Part 2) and Geophysi- 
eal Sciences, PB 171003, 477 pp., 
$3.75. 

Vol. 5—E ngineering, PB 171004, 447 pp. 


PB 171001, 392 


PB 171002, 


Vol. 6—Materials Technologies, Mathe- 
matics, and Operations Research, 
PB 171008, 453 pp., $4.50. 


Volume 7 (PB 171006, $3), an index 
of the other six volumes, will be available 
in the near future. 


Thermoelectricity 


Edited by P. H. Egli, John Wiley and Sons, Inc., 
New York, N. Y. (1960), 407 pp., $10. 


Reviewed by J. D. Bode, Bell Telephone Labora- 
tories, Inc. 


AS MIGHT BE EXPECTED 
in a collection of papers, there is some 
variation in quality in this volume, but 
it is generally quite high. 

The book covers a wide range of 
subjects, from air conditioning by wall- 
panel cooling to thermopile generators 
in space vehicles, the papers being 
grouped into sections, with no con- 
tinuity provided. 

Applications of thermoelectric effects 
are rather briefly treated, although the 
fundamentals are well covered. There 
are thorough discussions on measure- 
ment of thermal-electrical properties, 
conductivities, thermal expansion, See- 
beck coefficient, etc., especially at higher 
temperatures (up to LOOO C). 

Theoretical discussions, although 
sometimes sketchy, are generally clear 
and pertinent, and cover the ground from 
the anisotropy of the Hall effect in 
bismuth telluride, through transport 
properties of  mixed-valence semi- 
conductors, to ‘‘simple-minded”’ esti- 
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CALENDAR 


February 26-March 1—American Institute 
of Chemical Engineers, Roosevelt Hotel, 
‘New’Orleans, La. 

February 26~March 2—American Institute 
of Mining, Metallurgical and Petroleum 
Engineers, Annual Meeting, Chase and 
Park Plaza Hotels, St. Louis, Mo. 

February 27—March 1-—Association of 
Iron and Steel Engineers, Western 
Meeting, Hotel Statler, Los Angeles, 
Calif. 

March 5-8—-American Road Builders’ 
Assn., Chalfonte-Haddon Hall, Atlantie 
City, N. J. 

March 7--9—-American Railway Engineer- 
ing Assn., Annual Meeting, Conrad 
Hilton Hotel, Chicago, Ill. 

March 11—14—The Steel Founders’ Soci- 
ety of America, Annual Meeting, Drake 
Hotel, Chicago, Ill. 

March 13-17—National Association of 
Corrosion Engineers, Annual Confer- 
ence and > — Show, Statler Hotel, 
Buffalo, 

March 20 of Radio En- 
gineers, National Convention, New 
York, N. Y. 

March 20-24—American Society for 
Metals, Western Metal Exposition and 
Congress, Pan-Pacifie Auditorium, Los 
Angeles, Calif. 

March 21-30—American Chemical Soc., 
St. Louis. Mo. 


Materials Research & Standards 


| 
| 
‘ 
+ 
i | 
| 
| | 
; | 
i 
' | 


January 6, 
Names are arranged alphabetically, company members first, then individuals. Your 
ASTM Year Book shows the areas covered by the respective Districts. 


manager, 


automotive 


The following 70 members were elected from December 7, 1960, to 


1961, making the total membership 10,586. 


Chicago District 


Houston Chemical Corp., Harold RK. Watson, 
chemicals develop- 


ment, Joliet, IIl. 


Liquefied Petroleum Gas Assn., 


Johnson, staff engineer, Chicago, II. 


Midwest Steel Corp., Harold F. Leuthke, 


chief Valparaiso, Ind. 


Haser, Harry W 


Lautenschlager, Eugene P., metallurgist, 


, Jr., vice-president, H. W. 
Haser and Associates, Inc., Park Ridge, 


Allis-Chalmers Manufacturing Co., 
waukee, Wis. [A!* 


Monfore, G. E., research engineer, Portland 


Cement Assn., Skokie, II. 


Norling, Leonear T., 
neer, Portland Cement Assn., 


Sanders, W. W 


velopment 

ton, Wis. 
Wang, 

agronomy, 


Maw Shiu, research associate 
University of Illinois, Urbana, 


Cleveland District 
Carson, Raymond W., 


Lakewood, Ohio. 


* [A] denotes Associate Member. 


Walter H. 


senior soil-cement engi- 

Chicago, Il. 

Jr., assistant professor of 

civil engineering, University of Illinois, 
Urbana, Ill. [A] 

Sitterson, C. B., director, research and de- 

Appleton Woolen Mills, Apple- 


specifications writer, 


.Welcome to ASTM. 


Meckley, Robert, manager, Crowell & Mur- 
ray, Inc., Cleveland, Ohio. 

Santose, John H., general manager, Buckeye 
Forging Co., Cleveland, Ohio 


Detroit District 


Andersland, Orlando B., assistant professor 
of civil engineering, Michigan State Uni- 
versity, East Lansing, Mich. 

Beck, Charles E., laboratory director, St. 
Clair Rubber Co., Marysville, Mich. 

Hill, Albert A., section head, Coatings Tech- 
nical Service, The Dow Chemical Co., 
Midland, Mich. 

Trenton, City of, G. H. Cully, city engineer, 
Trenton, Mich. 


Mississippi Valley District 


Groom, Kenneth D., research engineer, The 
Vendo Co., Kansas City, Mo. [A] 


New England District 


Balsbaugh, Sydney, engineer, Balsbaugh 
Laboratories, Duxbury, Mass. 

Eikrem, Lynwood O., manager, Product 
Development Dept., David W. Mann Co., 
A Division of Geophysics Corporation of 
America, Lincoln, Mass. 

—— Gary C., technical service chemist, 

Nashua C orp., Nashua, N.#H. [A] 
Menzies, William C., Jr., director of research, 


Atlantic Wool Combing Co., Manville, 


Neville, Joseph P., product engineer, Transi- 
tron Electronic Corp., Wakefield, Mass. 


A 
a Erlton, B., managing director, The 
Elastic Fabric Manufacturers Inst., Inc., 
New London, Conn. 
Tracy, Arthur M., director of laboratory and 
cost analyst, Everlastik, Inc., Chelsea, 
Mass. [A] 


New York District 


Borden Metal Products Co., R. R. Morrison, 
chief draftsman, Elizabeth, N. J. 

Ausmus, David J., quality contro] manager, 
Titanium Metals Corporation of America, 
New York, it 

Blackwood, Melville J., standards engineer, 
Burndy Corp.. Norwalk, Conn. 

Fuchs, George Cc. i + George Fuchs 
and Son, Hollis, N. ¥ 

Keane, Gustave R., production administra- 
tor, E gpers & Higgins, Architects, New 
York, 

Motley, Wasson F., assistant to president, 
~— an Vermiculite Corp., New York, 

LY 


Schooler, Jerome Philip, vice-president, 
Flush-Metal Partition C orp., Long Island 
City, N. Y. [A] 

Stern, ‘Morton L., quality control manager, 
Huyek Systems Co., Huntington Station, 


Northern California District 


Brashear, Hollis N., civil engineer (SM), 
South Pacific Division Laboratory, U. 5. 
Corps of Engineers, Department of the 
Army, Sausalito, Calif. [A] 

Clark, Malcolm M., laboratory supervisor, 
Dumont Mz anufacturing C orp., San Rafael, 

Calif. [Aj 

Jackson, P. W., engineer, Johnson, Drake & 
Piper, Inc., Oakland, Calif. 

King, Kenneth, chief chemist, Huntley In- 
dustrial Miner: als, Inc., Bishop, Calif. [A] 
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THWING-ALBERT INSTRUMENT COMPANY 


5339 Pulaski Avenue 


THWING-ALBERT PRECISION SAMPLE CUTTERS 


ideal for tissues, paper, paperboard, foils, plastics, light metals, etc. 


tests. 


against guide. 


The use of Thwing-Albert Precision Sample Cut- 
ters eliminates the major cause of inaccurate 


Strips are cut with clean, sharp edges of the 
exact width, parallel throughout the entire length 
free from nicks and uncut or pulled fibers. 


Prepares sample strips quickly and accurately. 


Eliminates need to true one edge and align 


Hold down prevents material buckling awey from, 
or being drawn unevenly into knives. 


Philadelphia 44, U.S. A. 
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NEW MEMBERS 
(Continued from p. 145) 


Yurash, Bernard, member of technical staff, 
Fairchild Semiconductor Corp., Palo Alto, 
Calif. 


Philadelphia District 


Corr, John F., research manager, Vulcanized 
Rubber and Plastics Co., Morrisville, Pa. 

Kancher, Reba, librarian and secretary, 
LaWall & Harrisson, Philadelphia, Pa. 

Keefer, ae W., director of quality control, 
The Narrow Fabric Co., Reading, Pa. 

Lunt, William E., Jr., spec ifications consult- 
ant, Philadelphia, Pa. 

Nieland, William L., director of service labo- 
ratories, Betz Laboratories, Inc., Phila- 
delphia, Pa. 


Pittsburgh District 


Berg, Sverre, manager, manufacturing engi- 


neering, Aleo Products, Inc., Latrobe, Pa. 


Buckingham, Robert G., manager, Instru- 


mentation Laboratory, Pennsylvania In- 
dustrial Chemical Corp., Clairton, Pa. 


[A] 
Southeast District 


McCormack, John T., professor of metal- 


lurgy, Clemson College, Clemson, 8S. C. 


Southern California District 


Twining Laboratories of Southern California, 


Inc., Edward M. Twining, president, Long 
Beach, Calif. 


Carson, William M., vice-president and gen- 


eral manager, Marwais Steel Co., Los 
Angeles, Calif. 


Edwards, Kenneth N., paint chemist, re- 


search and development, Dunn-Edwards 
Corp., Los Angeles, Calif. [A] 


Hickenbottom, Richard J., civil engineer, 


Arroyo Grande, Calif. 


Robbins, William Hanna, salesman, Kaiser 


Steel Corp., Los Angeles, Calif. 


Give quick accurate answers to the de- 
teriorating effect of sunlight, weathering, 
washing and wearing of materials. A few 
minutes, hours, or days in Atlas-Ometers 
equals years of normal use deterioration. 

Indispensable for speed testing in 
product development and quality control 
in production. Exact standardized test 
programs can be repeated as frequently 
as required. 


Used extensively in these industries: 


Clothing makers 

Printing ink manufacturing 
Plastic and coated fabrics 
Electric manufacturing 
Dyestuffs and chemicals 
U.S. Government 

Rubber products 


Avtomotive industry 
Consulting laboratories 
Woolens and worsteds 
Rugs and carpets 

Soaps and detergents 
Paint, varnish, dry colors 
and many others 


Complete manual on each machine on request 


Atlas Electric Devices Company 
4114 N. Ravenswood Ave., Chicago 13, Iil., U.S.A. 


Fade-Ometer® 


Launder-Ometer® 


Southwest District 


Sutter, Howard F., supervisor, Bentone and 
Technical Service Laboratories, Baroid 
Div., National Lead Co., Houston, Tex. 


Washington, D. C., District 


Cliggett, James J., chief, Specifications Sec- 
tion, Veterans Administration, Washing- 
ton, D. C. 

Cox, Rupert Leslie, sanitary engineer, Dis- 
trict Public Works Office, Fifth Naval Dis- 
trict, Norfolk, Va. 

Gellner, Otto, research chemist, American 
Aleolae Corp., Baltimore, Md. 

Kelly, John Edward, vice-president, Smith 
Concrete Products, Inc., Kinston, N. C. 

Sitta, Stanley M., quality control manager, 
Brunswick Corp., Marion, Va. 


Outside Established Districts 


Bogost, Meyer S., director and sanitary engi- 
neer, L. Frederick Pack Associates, Hono- 
lulu, Hawaii. 

Reading, T. J., materials engineer, U. S. 
Corps of Engineers, Department of the 
Army, Missouri River Div., Omaha, Nebr. 


Other Than U. S. Possessions 

Simca, Poissy (S & O), France. 

Vickers Hoskins Pty., Ltd., T. H. Ineson, 
managing director, Bassendean, Western 
Australia. 

Beckton, William John, chief chemist, The 
East African Portland Cement Co., Ltd., 
Nairobi, Kenya, East Africa. 

Bernard, Gerald W., civil engineer and gen- 
eral manager, Materials Testing Labora- 
tories, Ltd., Edmonton, Alta., Canada. 

Block, Morris, M., Block and Associates, 
Winnipeg 4, Man., Canada. 

Breau, C. Gerard, general manager, York 
Structural Steel Co., Fredericton, N. B 
Canada. 

Building Research Bureau of New Zealand 
(Inc.), Lyndon Bastings, director, Con- 
struction House, Wellington, N. I., New 
Zealand. 


meters 


Weather testing translucent fiberglas for 
outdoor use in an Atlas Weather-Ometer at 
the Alsynite Company of America. 


Random Tumble 
Weather-Ometer® $1350 up. $875 complete with Pilling Tester Accelerator® 
$2755 up. Complete with supplies. accessories and supplies. $485 to $890. $485. 
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Clavier, R. H., chief, Equipment and Ammu- 
nition Section, Division of Production and 
Logistics, NATO, Paris 16éme, France. 

Lagerberg, Goran, Sandvikens Jernverks 
AB, Sandviken, Sweden. 

Makepeace, Charles F., metallurgical eng- 
neer, Department of Mines and Technical 
Surveys, Physical Metallurgy  Div., 
Ottawa, Ont., Canada. 

Technische Universitat Berlin, L. Bora- 
gasser, director, Universitatsoibliothek, 
Berlin, Germany. 


OTS REPORTS 


THESE REPORTS, recently made avail- 
able to the public, can be obtained from 
the Office of Technical Services, U. S. 
Department of Commerce, Washington. 
25, D.C. Order by number. 


Polyethylene Plastic Pipe CS 197-59, 
Commodity Standards Div., U. 8. 
Departme nt of Commerce, W ashington 
25, D.C 

Welding of High-Strength Steels for Aircraft 
and Missile Applications, PB 151074, 
$2.25. 

Synthesis of New High Temperature Ma- 
terials, PB 161720, $1.25 

Refractory Inorganic Materials for Struc- 
tural Applications, PB 161737, $2.75. 

Development of Protective Coatings for Re- 
fractory Metals, PB 161736, $1.50. 

Protective Coatings for Refractory Metals, 
PB 161739, $1.25 

Oxidation of Tungsten and Tungsten Based 
Alloys, PB 161718, $2.25. 

A Study of Ternary Phase Diagrams of 
Tungsten and Tantalum, PB 161709, 
$2.25. 

Development of High Strengths and High 
Recrystallization Temperatures in Molyb- 
denum-Base Alloys, PB 161542, $2.75. 

Role of Structural Dampening in Acoustical 
Fatigue, PB 161742, $1. 

On the Use of Quaternions in Simulation 
of Rigid-Body Motion, PB 161732, $2.25. 

Investigation of ihe Compressive, Bearing, 
and Shear Creep-Rupture Properties of 
Aircraft Struetural Metals and Joints at 
Elevated Temperatures, PB 161717, 
$2.50. 

Commercial Standard on Laminated Hard- 
wood Block Flooring, TS-5506, Com- 
modity Standards Div., U. 8. Depart- 
ment of Commerce, Washington 25, 
D. C. 

Metal Coatings—Bibliography of Research 
Reports, SB-409. 

Beryllium—List of Research Reports, SB- 
413. 

Columbium and Tantalum—List of Re- 
search Reports, SB-414. 

Molybdenum and Tungsten—List of Re- 
search Reports, SB-415. 

Platinum and Allied Metals— List of Re- 
search Reports, SB-420. 

Recent Developments in Metallurgical In- 
dustry in Communist China, 60-11676, 
$2.50. 

Research and Development in Soviet Non- 
ferrous Metallurgy—Metallurgiya USSR, 
60-31158, $2.50. 

Soviet Nonferrous Metallurgy—T svetnyye 
Metally, 60-11463, $1.25 

Soviet Nonferrous Metallurgy—T'svetnyye 
Metally, 60-11749, $1. 

Powdered-Metal Titanium Base Alloys— 
Tsvetnyye Metally, 60-31138, 50 cents. 


(Continued on next page) 
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mations of liquid properties (energy and 
entropy of vaporization and viscosity) 
over wide temperature ranges (be yond 
convenient experimental measurement), 
based on boiling- -point and density data. 

No one topic is exhaustively treated, 
but they are all adequately covered. 


OTS Selective Bibliographies 


Office of Technical Services, Business and De- 
fense Services Administration, U. S. Department 
of Commerce, Washington, D. C. 


Adapted from publisher's descripton. 


Five NEW BIBLIOGRAPHIES 
listing U. S. government research re- 
ports, translations, and other technical 
documents on materials testing, powder 
metallurgy, magnetostriction, thermo- 
electricity, and semiconductors are now 
available. The price for each is ten 
cents. They are: 


Materials Testing (SB-411). Research 


reports as well as translations of 
Russian, French, and German docu- 
ments on materials testing by general 
means and by nondestructive methods 
such as ultrasonic, radiographic, and 
autoradiographic. 


Powder Metallurgy (SB-422). Reports 
and translations on sintering, kinetics 
of oxidation of metal powders, inspee- 
tion of sintering compounds, softening 
temperatures of iron ores and sinters, 
and the effect of partial replacement of 
coke by gas in sintering machines. 
Government-owned patents avail- 
able for license are also listed. 


Magnetostriction (SB-427). Covers such 
subjects as magnetostrictive ma- 
terials, improved magnetic materials, 
research in ferromagnetism, and ad- 
vanced energy sources and conversion 
techniques. ‘Translations on the 
measurement of the intensity of acous- 
tic radiation in water flow during cavi- 
tation and other subjects are in- 
cluded. Also listed are Government- 
owned patents available for license. 


Thermoelectricity (SB-432). Reports on 
personnel heating devices, unconven- 
tional electrical power sources, and 
thermoelectric generators. Transla- 
tions of Soviet documents on elec- 
tronic and precision equipment and 
other subjects and a list ot Govern- 
ment-owned patents available for li- 
cense are also included, 

Semiconductors (SB-435). Research 
materials on properties of sulfide semi- 
conductors, semiconducting properties 
of boron, neutron dosimetry research, 
surfaces in semiconductor devices, 
and other subjects. Also includes a 
list of Government-owned patents 


OTS RESEARCH REPORTS 
(Continued from previous page) 


Study of Air Permeability of Concrete 
Paints and Sealants for Reactor Housing 
Installations (Preliminary Report), NAA- 
SR-5411, 50 cents. 

Viscosity of Liquid Metals, AEC-tr-4204, 
50 cents. 

Investigation of Solid Film Lubricants and 
Sliding Contacts at Temperatures above 
1000 F, APEX-569, $1.50. 

Heat Resistant-Elastomeric Material Com- 
binations and Forms, PB 161813, $1.25. 

Storage Stability of Fluids and Lubricants, 
PB 161808, 50 cents. 

Metallurgical and Mechanical Characteris- 
tics of High-Purity Titanium-Base Al- 
loys, PB 161817, $3. 

Phase Relationships in Selected Binary and 
Ternary Vanadium-Base Alloy Systems, 
PB 161816, $2. 

Thin Metal Films as Corrosion Indicators, 
PB 151974, $1.50; PB 161757, $2. 
Welded Fabrication of Steel Solid-Propel- 
lant Rocket-Motor Cases, PB 161206, 50 

cents. 

Selected References on Brittle Fracture, PB 
161205, 50 cents. 

Problems with Restraint in Heavy Weld- 
ments, PB 161204, 50 cents. 

Fatigue Data on Precipitation-Hardenable 
Stainless Steels, PB 161196, 50 cents. 
Development of High-Temperature Steel 
Forging Die Materials (Hot Die Mate- 

rials, PB 161779, $2.50. 

Materials Testing (1950-1960), SB-411, 
10 cents. 

Soviet Research in Acetylene Chemistry, 
Growth of Soviet chemical industry re- 
ported handicapped by research lag, 
60-21920, 50 cents. 

(Continued on p. 149) 


avi ‘ails ible for license. 


No. 1720 AB ELECTROPOLISHER & 


AVAILABLE ACCESSORIES 


Extra Tanks + Cooling Coils 
Extensions: ANODE-CATHODE 
ETCHING A-C 


© SIMPLICITY IN OPERATION 


NEW ELECTROPOLISHER 


METALLOGRAPHIC 


SAMPLES 


e INTERCHANGEABLE 
ELECTROLYTE TANK 


e IMPACT and CORROSION 
RESISTANCE 
® EASY TO FILL and EMPTY 
e CONVENIENT ELECTROLYTE 
STORAGE 
COMPLETE ELECTRICAL 
INSULATION 
e INCREASED SAMPLE AREA 
e GREATER ELECTROLYTE 
CAPACITY 
e VERSATILE POWER SOURCE 
e D.C. RIPPLE CONTROL 
e FIELD TESTED and APPROVED 
e REASONABLY PRICED 


~ 


Cathodes for Etching RGICAL APPARATUS 
Cathode Holders 2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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Accurate.. 


. fast...com- 


PORTABLE 
TENSILE TESTER 
FOR ELECTRICAL 

CONNECTORS 


pact...low-cost...port- 


able. Hunter’s newest qual- 


ity control instrument, the 
Model “TT” Terminal Pull 
Tester, offers all these ad- 


vantages. Though adaptable 
to many tensile tests, it is 
currently much in demand 
or checking strength of 
solderless terminals on wire, 
for testing connectors and 
leads in the quality control 
or inspection department 
and on the production line. 
Provides speeds up to 10 
faster 


times than conven- 


tional lab equipment. 
Bulletin 750e gives full 
details. Write for your copy. 


Made in 6 ranges 
up to 500 Ibs. 


HUNTER SPRING COMPANY 


A Division of American Machine and Metals, Inc. 
20 Spring Avenue, Lansdale, Pennsylvania 


HUNTER 


im 
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ELECTRONIC 
VARIABLE-SPEED 


AG CONTROLLER and 
Matching DC MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR 


Complete, F.0.B., 
Las Vegas, 
Nevada 


SPECIFICATIONS 
@ Thyraton tube operated controller 


gives stepless operation @ Input: 
110-120 V., 60 cy. single phase © 
Output: 0-120 V., 200 ma. DC to 


Other models to 
3 4 4H.P. motors 
available. 
Request data. 


armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 
DC motor @ Reversible @ Armature 
shaft is extended @ Armature speed 
0 to 4000 R.P.M. @ Motors in gear 
ratios: 6, 18, 30, 36, 60, 100, 300, 
540, and 1120:1 in stock. 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 
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Tensile 
Pressure 
Bending 
Oscillation 


For glass, textiles, metals, 
plastics... 

With a range of 5 mg to 
50 tons. All curves auto- 
matically plotted on an X, Y 
and Z plotter: Z axis can be 
in terms of temperature or 
pressure... 


For detailed technical infor- 
mation on this Drage Multi- 
tester, write to Dept. DM-19. 


J. W. FECKER DIVISION 
AMERICAN OPTICAL COMPANY 


6592 HAMILTON AVENUE - PITTSBURGH 6. PENNSYLVANIA 
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ALL AMERICAN TESTERS 


SPOT VIBRATION WEAK SPOTS 
BEFORE COSTLY FAILURE! 


Model 10 HA-T 
Horizontal Vibration, 5-100 C.P.S, 
e How much vibration will your product take? Where are 
the danger areas? All American Vibration Fatigue Testers 
answer these questions in your shop or laboratory with 
shake-down tests that simulate field service vibrations. Engi- 
neering gets the facts needed to improve design at lowest 
cost. Equally effective in spot-checking production runs. 
e All American Testers meet U.S. Government specifications 
for horizontal or vertical vibration testing of all sizes and 
shapes of units weighing up to 150 lbs. Range Selector auto- 
matically controls acceleration and deceler- 
ation, or holds vibration frequency at any 
desired point between 5 and 100 cycles per 
second. 
CATALOG “F” 
gives full facts on all 10 All American 


Testers, proved in long service to gov- 
ernment and industry. 


Write for your free copy now. 


ALL AMERICAN roo « MFG. “C0. 


Builders of ALL AMERICAN Precision Die Filing Machines 
8041 Lawndale Avenue + Skokie, Illinois 
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FASTER, EASIER WAY 
to determine petroleum 


hydrocarbon types 
by the F-I-A method 


U-V CHROMATOGRAPHIC ANALYZER 


Developed specially for the ASTM D-2 
Fluorescent Indicator Adsorption Meth- 
od, the Jarrell-Ash Phillips ‘‘Chromana- 
lyzer’’® enables the petroleum analyst 
to determine aromatic, olefinic, and 
saturated hydrocarbons more rapidly 
and conveniently than possible with 
existing F-I-A apparatus. 


Shorter (3-foot) columns require less transit 
time; are less fragile, easier to fill and clean. 


Operates under normal room lighting — no 


darkroom required. 

¢ Uniform, standardized ultraviolet illumination — 
twin “blacklight’’ tubes always at fixed distance 
and angle. 

¢ Boundary points mechanically recorded in ink 
on strip chart. 

¢ Compact, self-contained instrument occupies 


only 16” x 25” of bench space. 
e Accommodates up to eight samples. 


Write for detailed literature and 
ASTM F-I-A method outline. 


JARRELL-ASH CO. 


26 Farwell St., Newtonville 60, Mass. 
San Mateo, Calif. 
Costa Mesa, Calif. Detroit, Mich. 
Chicago, III. Atlanta, Georgia 
CANADA: Technical Service Laboratories, Toronto 
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Pittsburgh, Penna. 
New Brunswick, N. J. 
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OTS RESEARCH REPORTS | 


Refractory Materials, PB 161194, 50 cents. 


High-Temperature Properties of Elastomer 


Organo-M etallic 


Conference on High-Temperature Polymer 


Investigation of Flake Laminate, PB 161679, 


The Determination of Oxygen, Nitrogen, 
Hydrogen, and Carbon in Molybdenum, 
Tungsten, Columbium, and Tantalum, 
PB 161199, 50 cents. 

An Investigation of the Mechanical Prop- | 
erties of Cermets as Related to the Micro- | 
structure, PB 161656, $2.50. 

Velocity Measurements of Flame-Sprayed | 
Aluminum Oxide Particles, PB 161685, | 
75 cents. 


Vulcanizates, PB 161689, $1.25. 

Soaps and Polyhydric 
Compounds as Heat Stable Inhibitors for 
Vulcanizates, PB 161678, 50 cents. 


and Fluid Synthesis, PB 161663, $3.50. 


$1.7 de 
Differential Thermal Analysis of Polymeric 
Materials, PB 161676, 75 cents. 


RATS. 


Jayson C. Balsbaugh, consulting engi- 
neer, Balsbaugh Laboratories, Marshfield 
Hills, Mass. (July 17, 1960). Mr. Bals- 
baugh was a long-time member of Com- 
mittee D-9 on Electrical Insulating Ma- 
terials. 


T. R. Cunningham, 1020 Sedeeva Drive, 
Clearwater, Fla. (November 28, 1960). 
Mr. Cunningham was very active in com- 
mittee work, his earliest association being 
with Committee B-4 on Metallic Materials 
for Thermostats and for Electrical Resist- 


ance, Heating and Contacts in 1927, and 
later with Committee E-3 on Chemical 
Analysis of Metals. He played an impor- 
tant role in the organization of Committee 
E-3 in 1933 and contributed his time and 
knowledge to its work. In recognition of 
his services, the committee elected him to 
honorary membership in 1958 at the time 
of his retirement from Union Carbide 
Metals Co. 


H. H. Hughes, Cottswold Fibres, Ine., 
Columbus, Ga. (recently). Mr. Hughes 
served as a consulting member of Com- 
mittee F-2 on Flexible Barrier Materials. 


Leopold J. Nedorostek, technical direc- 
tor, Busch-Jaeger Durener Metallwerke 
A-G., Werk Schafsbrucke, Western Ger- 
many (December 3, 1960). Mr. Nedoros- 
tek had been a member of the Society since 
1958. 


Edwin K. Smith, consulting metallur- 
gist, Pasadena, Calif. (recently). During 
his more than 35 years as a member of the 
Society, Mr. Smith participated in the 
activities of Committees A-3 on Cast 
Iron, A-1 on Steel, E-5 on Fire Tests of 


Materials and Construction, and A-7 on 
Malleable-Iron Castings, which he served 
as, chairman from 1942 to 1944. 


Paul L. Sutton, Spencer Chemical Co., 
Kansas City, Mo. (October 10, 1960). Mr. 
Sutton was an active member of Commit- 
tee E-15 on Analysis and Testing of In- 
dustrial Chemie als. 


EMIL GREINER 
INTRODUCES ... 


another 
laboratory 
cost saver 


PRECISION’S 


NEW AUTOMATIC 
Flash Point 


Tester 


(Licensed by Standard Oil Co 


Now—AUTOMATICALLY 

process your Tag Closed Cup 

Flash tests...in a fraction of 

the time...while duplicating 

ASTM D656 results... with 

any operator. 

Complete test time... 
to 4 minutes 

Reproducibility . . . ASTM 
D56 + 1°F 

® Full Tag Range... to 180°F 

AUTOMATICALLY SELF 

Running — from start to finish 

Recording — direct flash point 
reading 

Cooling — in 30 seconds 

Draining — solenoid activated 

Drying — air flushed 

Repositioning — ready for next 


ld.) Patents Pending 


test — when you are 
G18187—Precision Automatic Flash 
Point Tester: 2500.00 each. 


Request Precision Flash Point 
Tester Bulletin 


Te EMIL GREINER 


0-26 N. Moore Street, 


2 
Dept. 429, New York 13, N.Y. 
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A:S:T-M: Artie 
Testing early-testing 
late 
F luctuating tem peratures 


Upset his reaction 


rate 


* VERSATILE 


Use on Manometers, too! 


* SENSITIVE 


tO a fraction °C 


* ECONOMICAL 


Saves time, Saves money 


WITH THERM-O-WATCH- 


thermometer becomes a 
TEMPERATURE 
CONTROLLER 


INSTRUMENTS for 
RESEARCH and 
WNDUSTRY 


CHELTENHAM, PA 


REACTION 
CONTROLLER 


for 
cH 


PA 


DISTILLATION 
CONTROLLER 


INSTRUMENTS for 
RESEARCH and 
INDUSTRY 
CHELTENHAM PA 
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C. M. Angel, engineer of tests, The 
Chesapeake & Ohio Railway Co., Hunting- 
ton, W. Va., retired recently. Mr. Angel 
joined ASTM in 1934 and had served on 
Committee C-2 on Magnesium Oxychlo- 
ride and Magnesium Oxysulfate Cements. 


Jack E. Collins is now president, A. V. 
Ready Mix, Inc., Lancaster, Calif. Prev- 
iously he was president, Lancaster Ready 
Mix, Inec., Lancaster, Calif. 


H. J. Dickinson, chief construction 
engineer, Tipton & Kalmbach, Ine., 
Denver, Colo., is one of three men assigned 
to assist the project manager on the Link 
Canals Project in West Pakistan. 


L. E. Georgevits, The Borden Chemical 
Co., division of The Borden Co., Bain- 
bridge, N. Y., has taken on a new assign- 
ment as technical service manager for the 
paper industry for all departments of yee 
Chemical Division. He has resigned : 
secretary of Committee D-25 on Casein 
and Similar Protein Materials, but will 
continue as a member of the committee. 


Emil A. Gramstorff, dean, Graduate 
Div., College of Engineering, Northeastern 
University, Boston, Mass., was honored 
recently, with a testimonial dinner in 
recognition of 39 vears of service to the 
university. 


D. R. Harpfer, The Goodyear Tire and 
Rubber Co., Akron, Ohio, led an American 
delegation at a meeting of the International 
Standards Organization in Germany. 
Mr. Harpfer represented the American 
Standards Assn. and the United States 
rubber industry. 


J. H. Jenkins, chief, Forest Products 
Laboratories of Canada, Ottawa, Can., 
has been awarded the degree of Doctor of 
Science in Forestry by Laval University. 
This honor was bestowed upon Col. Jen- 
kins at a special convocation to commem- 
orate the fiftieth anniversary of the teach- 
ing of forestry at Laval. 


Edward L. Jones, administrator, Works 
Laboratory, Oneida Ltd., Oneida, N. Y., 
retired November 1, 1960. Mr. Jones had 
been a member of the Society since 1951, 
and was a member of Committees B-5 on 
Copper and Copper Alloys, Cast and 
Wrought, and B-8 on Electrodeposited 
Metallic Coatings and Related Finishes. 


A. H. Kidder, research engineer, Phila- 
delphia Electric Co., Philadelphia, Pa. 
has been made assistant to the vice-presi- 
dent. 


John M. Kyle, chief engineer, The Port 
of New York Authority, New York, N. Y., 
received the “‘Award in Engineering’’ at 
the recent annual dinner of the New York 
Chapter of the New York State Society of 
Professional Engineers. 


Herbert J. LeGrys, chief chemist, 
Stackpole Carbon Co., St. Marys, Pa., 
retired recently. Mr. LeGrys represented 
his company in Society membership and 
also on Committee C-25 on Ceramics for 
Electronics. 


E. A. March, formerly director of metal- 
lurgy, Crucible Steel Company of America, 
Pittsburgh, Pa., is now director of tech- 
nology. 


Lloyd M. Morris, assistant engineer of 
tests, The Pennsylvania Railroad Co., 
Altoona, Pa., retired December 31, 1960. 
Mr. Morris is a 30-year member of ASTM 
and has been active in the work of Commit- 
tee D-11 on Rubber and Rubber-Like 
Materials, 


Constantinos P. Papaioannou, professor, 
National Technical University of Athens, 
Athens, Greece, has been elected a member 
of the Academy of Athens. 


Charles T. Raber, chief chemist and 
chemical engineer, Giant Portland Ce- 
ment Co., Egypt, Pa., retired December 
31, 1960. Mr. Raber joined the Society 
in 1929 and through the years has been 
active in Committees C-1 on Cement and 
C-9 on Concrete and Concrete Aggregates. 
He will retain his membership in the So- 
ciety and continue to participate in com- 
mittee activities. 


E. A. Russell, chief engineer, Spaulding 
Fibre Co., Inc., Tonawanda, N. Y., retired 
January 1, 1961. Mr. Russell represented 
his company in Society membership and 
was a member of Committee D-9 on Eleec- 
trical Insulating Materials. 


John S. Smart, Jr., American Smelting 
«& Refining Co., New York, N. Y. will be 
inducted this month as the 1961 president 
of the Metallurgical Society of the Ameri- 
can Institute of Mining, Metallurgical, 
and Petroleum Engineers. Mr. J. Harry 
Jackson, Batelle Memorial Inst., Colum- 
bus, Ohio, was elected a director for one 
vear, representing the Institute of Metals 
Div. 


Sidney Stiefier, formerly textile engi- 
neer, Werner Textile Consultants, Larch- 
mont, N. Y., is now in quality control, 
Nypel Corp., West Conshohocken, Pa. 


Myron A. Swayze, director of research, 
Lone Star Cement Corp., New York, 
N. Y., retired December 31, 1960. Since 
1925, when he joined the Society, Mr. 
Swayze has been active in Committee 
C-1 on Cement and on the New York 
District Council. 


John R. Townsend (past-president), in 
addition to being special assistant, De- 
partment of Defense Research and Engi- 
neering, Washington, D. C., has been ap- 
pointed as consultant to the director, 
National Bureau of Standards. 


William W. Walton has been appointed 
chief, Organic Building Materials Section, 
National Bureau of Standards, Building 
Research Div., Washington, D. C. 


Harold W. Washburn is now chief, 
experimental space science, Jet Propul- 
sion Laboratory, Pasadena, Calif. For- 
merly he was vice-president, research, 
Consolidated Electrodynamics Corp., Pas- 
adena, Calif. 
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This information is based on literature and statements from apparatus manufac- 


turers and laboratory supply houses. 
advanced in this publication. 


‘FOR THE LABORATORY 


Controller—A new double-target tem- 
perature-indicating-controlling pyrometer, 
the N-15 Pyrotroller, has been introduced. 
The accurate electronic on-off controller 
provides a second control point for second- 
ary or additional action. For instance, 
besides controlling temperature, the N-15 
Pyrotroller also can independently open 
and close a valve, or turn a motor or blower 
on and off. 

Alnor Instrument Co. 3612 


Buret—A new large-volume buret at- 
tachment, increasing titrant reservoir 
capacity from 3.2 to 32.0 ml, is now avail- 
able. The 32.0-ml buret permits titra- 
tion of volumes ranging from micro 
through macro quantities. 

American Instrument Co., Ince. 3613 


Chromatography Supplies Gas Chrom, 
the new solid support (flux-ecaleined diato- 
maceous earth) for chromatograph col- 
umns, is now available in 25-g sizes. Kits 
made up of various mesh sizes and of regu- 
lar (S), acid washed (A), and acid and 


The Society is not responsible for statements 


alcoholic-base washed (P) 
offered. 
Applied Science Laboratories, Inc. 3614 


grades are 


Dielectric Strength A corona-free high- 
voltage dielectric strength tester has been 
announced. Model 4303 corona-free Hy- 
pot embodies special construction to elimi- 
nate creation of corona discharge and thus 
avoid interference with measurement of 
corona in circuits to be tested. 

Associated Research, Inc. 3615 


Wringer and Padder— This unit known 
as Model LW-1 provides deadweight 
loading on neoprene rollers of controlled 
uniform density rotating at a constant 
speed to produce uniform reproducible re- 
sults. The rollers are 24 in. in diameter 
by 12 in. long and have a Durometer 
hardness of 75 + 5 (A seale). Dead- 
weight loading is variable from 5 to 100 
lb. It is motor driven at 9.3 rpm so that 
the specimens pass through the rolls at a 
rate of 1.0 + 0.05 in. per see. 

Atlas Electric Devices Co. 3616 


Interferometer—An instrument de- 
veloped for accurately investigating the 
wave nature of light, the M-3 Michelson 


interferometer, is now enhanced with the 
addition of a Fabry-Perot attachment. 
The improved resolution of the Fabry- 
Perot allows the measurement of a sodium 
doublet separation and a mereury hyper- 
fine structure in addition to the normal 
Michelson experiments in light wavelength 
and index of refraction. 

Atomic Laboratories, Inc. 3617 


Chromatograph—The new GC-2A gas 
chromatograph incorporates the stability, 
sensitivity, fast response, and high resolu- 
tion required for today’s wide and growing 
range of chromatographic analyses. The 
GC-2A employs a detection system of the 
thermal conductivity filament type, with 
fast-response full flow-cell geometry. 

Beckman Scientific and Process Instru- 
ments Div. 3618 


Viscosity Tests—A new viscosity meas- 
urement and control system for use in 
petroleum, medical, and polymer research 
and control laboratories has been de- 
veloped. The compact system, called the 
Bendix LAB-VIS, permits an operator to 
select any one of eight viscosity ranges 
“by the flip of a switch,’’ according to the 
announcement. Other features include a 
sensing element that operates up to 650 
F and 1000 psi, and a design that permits 
measurements to be made either in beakers 
or circulating systems. 

The Bendix Corp. 3619 


Vacuum Enclosure— Chemical and met- 
allurgical research on materials under high 
rucuum as well as work with radioisotopes 


(Continued on p. 152) 


72 Jericho Turnpike © 


Mineola, N. Y. 


TESTING MACHINES INC. 


@ Ploneer 7-7466 


The Finest Test Equipment for ALL Industries 
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and poisonous substances in a controlled 
atmosphere are facilitated by a new type of 
laboratory enclosure, available in standard 
units of 3 and 4-ft modules, or in any size 
required. 

S. Blickman, Inc. 


3620 


Temperature and Humidity Cabinets 
Highly versatile, these all-stainless-steel 
cabinets will-operate to maintain between 
90 and 95 per cent relative humidity from 
room temperature to 85 C. Moreover, 
certain tests requiring temperatures below 
normal ambient can easily be conducted 
by circulation of suitable tap water 
through baffle cooling coil. Minimum pos- 
sible temperatures are in relation to tem- 
perature of available tap water. 
used in ASTM tests C 87, C 
C 190, and C 191. 

Blue M Electric Co. 


Can be 
109, C 141, 


3621 


Vacuum Systems 
venience in 


Versatility and con- 
vacuum-s\ stem connections 
are provided by a new and complete line 
of vacuum couplings and connectors. 
Their unique design employing neoprene 
“O"’ rings provides convenient yet positive 
vacuum connections in the system with a 
minimum of expensive extra components. 

Central Scientific Co. 3622 


Voltmeter The range of digital volt- 
meters is extended to 1 wv de with the new 
459B/N floating, narrow-band, differential 


d-c preamplifier. Designed for general 
use, the 459B/N provides stable, accurate 
amplification of low-level input signals in 
the presence of high, common-mode noise 
and hum. 

Cohu Electronics, Inc. 3623 


Ion Pump—The availability of a new, 
large-vacuum ion pump for use in the 
ultra-high vacuum field has been an- 
nounced. The new PDYV-300 DriVac 
pump is an electronic getter-ion pump 
utilizing three-electrode construction 
which insures higher pumping speeds and 
eliminates pressure surges when operating 
against inert gases. 

Consolidated Vacuum Corp. 


3624 

Particle Size— Substantially simplified 
rapid particle size determination with a 
high degree of reproducibility is now avail- 
able with the development of the new 
Model “C”’ Coulter counter. This new 
electronic equipment provides versatile 
information making particle size distribu- 
tion analysis more useful for more applica- 
tions. 

Coulter Electronics 3625 


Slide Rule —A new special-purpose slide 
rule will calculate the rate of decay of any 
radioactive isotope. 
necessary to 


Only one setting is 
determine the fractional 
amount of a radioactive isotope remaining 
after an elapsed period of time. 


Dyna-Slide Co. 3626 


Precision Balance—A new precision 
balance, the Model L, has been introduced 
for rapid precise weighings in the fields of 


Easy to opcrate 


trators for perfect readings every time. 
Write for details 


Wilson Rockwell Superficial hardness testers are 
used to measure surface hardness, coatings, thin 
metal or thin hard cases. The hardness test is based 
on a penetration of less than .005”, and Wilson 
Superficial testers have the precision and ease of 
operation to give accurate readings every time. 


Accurate — Precision-built for consistently correct results. 
Knife-edge bearings provide near-frictionless operation. 

Controls conveniently grouped— oil dash-pot 

system provides smooth load application. 

Long lasting— Simple design, rugged construction make Wilson 
Superficial testers as durable as a machine tool. 

Complete line available—Wilson Rockwell hardness testers 
and accessories are available in a wide variety for every 
hardness testing function. Also ““Brale’’ diamond pene- 


Ask for Catalog RT-58. It gives complete 
information on the Superficial tester as well as on the 
full line of Wilson Rockwell hardness testers. 


Wilson ‘Superficial’ makes 
Shallow Measurements 


Wilson Rockwell Superficial 
Haraness Tester 


WILSON "ROCKWELL" 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 
American Chain & Cable Company, Inc. 

230-C Park Avenue, New York 17, New York 
FOR FURTHER INFORMATION CIRCLE 947 ON READER SERVICE CARD 


research, production, quality control, and 
analytical work. The new Model L pre- 
cision balance features a distinctive mod- 
ernized styling by Raymond Loewy Asso- 
ciates which provides not only better illu- 
mination for weighing but also stronger 
construction, 

Federal Pacific Electric Co. 


Load Cell— Details on the new Model 
256 load cell calibration system for missiles 
have been announced. According to the 
manufacturer, the Model 256 is a highly 
accurate instrument for calibrating load 
cell transducers. The system calibrates 
from 5000 to 1,000,000 Ib within 0.05 per 
cent of reading by using three overlapping 
sets of Gilmore M-170 force calibrators. 

Gilmore Industries, Inc. 3628 


3627 


Melting Point—A new melting point 
apparatus which for the first time provides 
reproducible results of known and con- 


stant accuracy is available. Manufac- 
tured by Electrothermal Engineering, 
Ltd., London, England, the apparatus 


features fast heating, clear-view optical 
system, and heat transfer without lag. 
The Harshaw Chemical Co. 


3629 


Furnace—Recently announced, — the 
Model LP-2472H Dyna-Trol electric fur- 
nace has a diversity of applications in 
many industries. Its wide range of tem- 
peratures makes it applicable for heat- 
treating, drawing, glass annealing, ete. 
With fans removed, temperature can be 
controlled from 300 to 2300 F; with forced 
convection fan, 150 to 1875 F temperatures 
can be accurately controlled. 

Land L Manufacturing Co. 


3630 


Flaw Detection Equipment—The new 
single-frequency nondestructive testing 
equipment employing a unique oscilloscope 
presentation to indicate surface or sub- 
surface flaws in non-ferrous, nonmagnetic 
materials has been developed. The equip- 
ment is equally adaptable to production 
line use, or a separate inspection opera- 
tion. At inspection speeds of 50 to 600 
ft per min., materials } to 3 in. in diam- 
eter can be inspected. Twenty-four plug- 
in coils adapt equipment for interim sizes 
in }-in. increments. 

Magnetic Analysis Corp. 


3631 


Comparator—The Vu 300, a low-cost 
optical comparator to permit decentraliza- 
tion of quality control and inspection to 
numerous points of manufacture, is an- 
nounced. Designed as a portable unit, 
the Micro Vu 300 provides 20-power mag- 
nification for precise visual inspection. 

Micro Vu 3632 


Colorimeter—A complete line of ac- 
cessories for the colormaster differential 
colorimeter has been introduced. Acces- 
sories include a yarn winder for sample 
preparation of yarn or fibers, a rotating 
accessory where sample orientation affects 
color reading, and rotating 
sample holders. 

Meeco Instruments 


accessory 


3633 


Heat Source— New radiant-energy heat 
lamp provides an inexpensive source of 
heat for impact, fatigue, and tension 
testing. An important advantage of this 


(Continued on p. 154) 
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FLEXING 


MACHINE 
MODEL “D” 


. to conduct 
flexture test at el- 
evated temperatures 


Circular Looms 
e Laboratory Equipment 
Tire Molds 
» Mechanical Molc 
Extrusion Dies 
Ribbon Blenders 
Laboratory Mills 
Attrition Mills 
e Paint Mixers. 


GETTY MACHINE and MOLD INC. 


384 GETTY AVENUE 
CLIFTON, NEW JERSEY 
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PARR 
OXYGEN 
BOMB 
CALORIMETER 


The heat of combustion of any solid or 
liquid fuel can be measured rapidly and 
accurately in the Parr adiabatic calorimeter. 
Samples liberating up to 10,000 calories 
are burned in self-sealing oxygen bombs 
within a completely water-jacketed cham- 
ber. Ask your Parr Dealer for details, or 
write direct for Spec. 1200. 


PARR iNstTRUMENT COMPANY 


EST. 1899 + MOLINE, ILLINOIS 
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AVOID COSTLY ERRORS 
WITH GUARANTEED 


llon ACCURACY 


WHEN YOU... 


TEST... 
TENSILE COMPRESSION 
TRANSVERSE + SHEAR 


In TENSION OR COMPRESSION 


CONTROL 


TEMPERATURE 
(FAHRENHEIT-CENTIGRADE) 


Bring ASTM & Federal Accuracy into your own shop 
— at a fraction of outside service charges! 


YOU DON’T HAVE TO BE AN EXPERT to secure EXPERT 
results with Dillon instruments. These precision products are 
calibrated with Certified test weights, elastic proving rings and 
testing machines whose accuracy is directly traceable to the 
U.S. Bureau of Standards! Every desirable feature is included. 
Seldom used, expensive extras are eliminated. In the laboratory 
or on the production line, Dillon equipment will provide you 
with vital test data exactly as you need it— when you need it! 


VALUABLE FREE ENGINEERING BROCHURES 
Write today for ideas on how to safeguard your company 
against costly material and equipment failures! Specify bro- 
chure desired: Model LW Tester () Thermometer () 
Mechanical Force Gauge () 


TO MEASURE, WEIGH, TEST OR CONTROL — CALL ON DILLON 
... PRECISION INSTRUMENTS FOR 3 DECADES! 


Dept. 102, 14610 Keswick Street, Van Nuys 72, California 
Representatives in All Principal Cities 
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“now, a 

completely 
automatic 
laboratory 


THERMOLYNE 
TYPE 2000 


Just dial desired temperature. This 
electric furnace, specifically designed 
for laboratory use, automatically 
holds preset temperatures within close 
limits by means of a potentiometric 
control system. Practically immune to 
vibration, dust, dirt to give long, 
trouble-free service. Rigid, braced 
construction .. . long-life heating 
elements embedded in interchange- 
able plates that give fast, even 

heat distribution. Chamber surrounded 
by high-grade, multiple-type insula- 
tion. Chamber size 4” x 39%” x 9”. 
Operating temperatures to 1650°F 
continuous, 1900°F intermittent. 115 
and 230 volts. Price complete, 
$247.50. Write for literature and 


name of nearest dealer. 


THERMOLYNE CORPORATION 
(Formerly Thermo Electric Mfg. Co.) 


472 Huff St., Dubuque, lowa 
CIRCLE 951 ON READER SERVICE CARD 
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FOR THE LABORATORY 
(Continued from p. 152) 


type of heating is that it rules out any elec- 
trical or mechanical interaction between 
the specimen or its surroundings and the 
heater. The lamp can also be used to 
heat an encapsulated specimen. 

MRC Manufacturing Corp. 3634 


Beakers—- New features have been added 
to the line of Griffin low form beakers. 
Made of lightweight, laboratory-grade 
polypropylene, Nalgene beakers now in- 
corporate an oval sandblasted area for 
easier identification marking. addi- 
tion, a new 2000-ml size has been added to 
the line. Sizes now range from 30 to 
2000 ml for greater versatility in the lab- 
oratory. 


The Nalge Co., Inc. 3635 


Transducer— A new phase-shifting 
transducer featuring a size 15 synchro 
mounting has been developed. Desig- 
nated the Variogon V55, the unit provides 
a wide range of critically accurate meas- 
uring and indicating functions when used 
at specific high frequencies, because it 
generates continuous time delays or phase 
variations directly proportional to shaft 
rotation 

Nilsen Manufacturing Co. 3636 


Dielectric Test Set— Conforming to 
ASTM Methods D 149, this high-voltage 
a-c dielectric test set is an inexpensive, one- 
piece unit with a motorized output control 
and a continuously adjustable output of 
0 to 15 kv rms, and 2 kva capacity. 


Peschel Electronics, Inc. 3637 


Industrial X-ray -A new heavy-duty 
industrial X-ray machine that produces 
images of “unmatched sharpness’’ for test- 
ing and inspection has been announced. 
Sharper X-ray pictures are made possible 
by the tube’s 0.012-in. (0.3-mm) focal 
spot, the smallest of any X-ray unit. The 
unit has a rotating anode tube with a 
continuous rating of 6 ma at 150 kv, twice 
the output of a stationary anode tube. 

Picker X-Ray Corp. 3638 


Pulverizer The Pitchford  selective- 
uniform particle size grinder incorporates 
an entirely new concept in grinding sam- 
ples for spectrographic analyses. Samples 
ground with this unit contain a narrower 
range of particle sizes with no large un- 
ground particles and a great reduction in 
the amount of submicron fines. The 
unique feature of this grinder is the use of 
sereens and an air stream to remove par- 
ticles from the grinding chamber while 
grinding is going on. 

Pitchford Scientific Instruments Corp. 

3639 


Gas Measurement—A new wet. test 
meter for the precise measurement of gas 
flow is announced. Accurate to within 
+0.5 per cent of volume, these new meters 
feature a cast aluminum housing with an 
epoxy-resin plated interior to withstand 
corrosive effects of acid-laden gases. 

Precision Scientific Co. 3640 


Zone Melting Apparatus—Smoother, 
steadier motion for zone melting, zone 
refining, and crystal pulling is obtained 


from the recently improved zone melting 
apparatus. Twelve mounting slots on the 
platform for heaters or other accessories 
afford a wide variety of heating patterns. 

Research Specialties Co. 3641 


Particle Size Analyzer—New Model 
PC200A Royeo particle counter offers a 
self-contained instrument useful for re- 
search work as well as for monitoring the 
presence and distribution of particulate 
matter in the atmosphere of such areas as 
clean rooms for precision manufacture and 
assembly. Built in standard 19-in. mod- 
ular panels integrated into a 31l-in. high 
cabinet, the PC200A presents immediate 
displays of the numbers of particles pres- 
ent in 15 sub-ranges of sizes from 0.32 to 
8.0 micron in diameter. Counts appear 
visually on decade counters, but can be 
recorded on digital tape or a strip-chart 
recorder, or both. 

Royco Instruments, Inc. 3642 


Filter Chambers — Miniature filter cham- 
bers for filtering small volumes of corrosive 
chemicals as well as solvents are now avail- 
able. 

Sethco Manufacturing Corp. 3643 


Test Chamber—-A portable temperature 
test chamber is available with a testing 
volume of 8 cu ft. Designated the “MC” 
for Module Chamber, this unit operates 
from —100 to +750 F with accuracy to 
+5 F. The heating and cooling rates are 
variable from 5 to 200 F per min, depend- 
ing upon the test load. 

Statham Instruments, Ine. 3644 


Test Machine Tensile, compression, 
and guided bend tests can all be made on a 
single machine. Motor and hydraulic 
power unit are located within the base of 
the tester, and the controls are conveni- 
ently mounted on the front. Model TE- 
10-AS has a capacity of 10,000 lb, and is 
equipped with two gages to register the 
load applied in two ranges. Syjmilar 
machines having other capacities can be 
provided. 

Steel City Testing Machines, Inc. 3645 


Multi-Point Controller——A new multi- 
point temperature controller providing 
accurate automatic two-position control 
for up to ten separate processes has been 
developed. 

Thermo Electric Co., Inc. 3646 


Recorder—The Model 81 provides two 
channels of input which simultaneously 
record full scale. Trace identification is 
provided to avoid confusion when recorded 
parameters cross or run close to each other. 
The unit can be run either dual-channel or 
single-channel as required. 

Yellow Springs Instrument Co. 3647 


NEW LITERATURE 


Thermocouples-—Data and details on 
cooled and non-cooled thermocouples is 
presented in a 29-page report. 

Aero Research Instrument Co. 6368 


Insulation Materials—A line of inter- 
changeable fixtures for testing the dielec- 
tric strength of insulating solids, films, 


(Continued on next page) 
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sheets, and liquids in accord with ap- 
plicable ASTM standards has been de- 
veloped. Fixtures with electrodes of 
various sizes and designs meet ASTM 
specifications for: thin sheet material; 
cloth tapes; thick, solid materials; sheet 
and plate materials; friction and rubber 
plates; solid compounds; and laminated 
sheets. 

Associated Research, Inc. 6369 


Salt Spray Chamber—TIllustrated Bul- 
letin C-11-2 describing the company’s 
new line of all-Lucite salt-spray chambers 
for environmental testing is now available. 
The two-page data sheet gives working 
dimensions, specifications, and price in- 
formation on the four models that ¢om- 
prise the test. chamber series. 

Associated Testing Laboratories, Inc. 


6370 


Isotopes— New Price List D describes a 
complete line of stable isotopes and stable- 
isotope labeled compounds. Novel fea- 
ture is the description of a heavy-water 
lease/purchase plan. 

BIO-RAD Laboratories 6371 


Automatic Titrator—Complete technical 
and operating data on Cenco’s colormatic 
end-point detector and digital-readout 
volumatic syringe have been published. 
Cenco’s new Booklet 285, liberally illus- 
trated with drawings, charts, and photos 
of the equipment, explains the working 
principle of tandem titrations and how the 
instrument can be used for various ASTM 
and other tests. 

Central Scientific Co. 


Instrumentation—A new 24-page bro- 
chure, Capabilities of Compu Dyne Corpora- 
tion, features the products and research, de- 
velopment, and manufacturing services of 
the company’s divisions and subsidiaries. 

Compu Dyne Corp. 6373 


Bench Scales—-Platform-type bench 
scales for general-purpose industrial 
weighing are discussed in anew Bulletin No. 
345. Scales in any of four capacities are 
available: 50 lb with l-oz graduations, 100 
Ib with 2-0z graduations, 200 lb with 4-oz 
graduations, and 300 lb with 8-oz gradua- 
tions. 

The Exact Weight Scale Co. 6374 


Polisher — New 6-page bulletin describes 
Fisher ‘‘Vibromatic’’ polisher which uti- 
lizes_ vibratory polishing. Bulletin de- 
scribes the technique used, also describes 
the Fisher apparatus, on which 20 samples 
can be polished simultaneously. 

Fisher Scientific Co. 6375 


Hydraulic Force System—A _ technical 
reprint 7'D-104 showing schematics, de- 
tails, and applications on the six-channel 
hydraulic foree control system has been 
released. Used for static and dynamic 
loading test stands, the system is de- 
signed for up to 1,000,000-lb force capacity 
per cylinder and includes a load cell in 
series with each cylinder to provide the 
force feedback component to the console. 

Gilmore Industries, Inc. 6376 


Plastic Laboratory Ware-—-A new 24- 
page catalog provides data on the complete 
line of unbreakable, corrosion-resistant, 


plastic laboratory ware. It includes 
many polyethylene and polypropylene 
items that have not until now been avail- 
able in plastic, such as Buchner-type filter 
funnels and new 125-ml_ Erlenmeyer 
flasks. 

The Nalge Co., Ine. 6377 


Moisture and Density Instrumenta- 
tion“. new 6-page brochure describes how 
to use nuclear gages for rapid field deter- 
mination of moisture and density in soils, 
aggregates, concrete, asphalt, ete. 


Nuclear-Chicago Corp. 6378 


Dryer-Blender— Data Sheet 51 describes 
a new l-cu-ft capacity Glasteel conical 
dryer-blender. The unit is intended spe- 
cifically for use in research laboratories, 
pilot plants, and education institutions 
where small-bateh drying and_ blending 
are required, and for subsequent scale-up to 
production-size equipment. 

The Pfaudler Co. 6379 


Testing—Bulletin No. 5901, “Facts on 
Testing,”’ tells about the combined tension 
and tear-tester sample cutter, air-operated 
grips for tension tester, capstan grips for 
textile tension testing. the adhesives tester, 
toughness tester attachment for the Elmen- 
dorf tearing tester, and Elmendorf calibra- 
tion check weights. 

Thwing-Albert Instrument Co. 6380 


Chromatography—-A new catalog of 
chromatography equipment has been re- 
leased. In addition to many items already 
familiar to chromatographers, the bro- 
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PRECISION SCALES 


3 BASIC MODELS 
24 MODIFICATIONS 


Calibrated in 


GRAMS 


POUNDS AND OUNCES © 
POUNDS AND DECIMALS 


PENNYWEIGHTS 


GRAINS 
ASSAY-TONS 


METTLER INSTRUMENT CORPORATION 


-P.0. BOX 100, PRINCETON, NEW JERSEY. 


Write to us today for full description of 
the modern METTLER precision scales. 
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Gaertner Quartz-Tube Dilatometer 
for precise measurement 
of thermal expansion 


Accurately measures coefficient of linear expansion of 
specimens up to 14” in diameter and from 2” to 3” long, at 
temperatures up to 1000° C. Dial gage readings to 0.0001”. 


Testing procedure described in “Standard Method of Test 
for Linear Expansion of Metals” (A.S.T.M. Designation: 
B95) and “. . . of Plastics” A.S.T.M. Designation: B696). 


D1200 (above) consists of fused quartz dilatometer with 
precision dial gage, durably-constructed furnace, control 
panel with temperature and current indicators, rheostat. 


Write for Bulletin 140-53 


The Gaertner Scientific Corporation 
1215 Wrightwood Ave., Chicago 14, Ill. © Phone: BUckingham 1-5335 
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GRIEVE- 


HENDRY 


PORTABLE 
ELECTRIC 
OVEN 


4 FOR 
PRODUCTION 


Quick Quotations 


Portable. Adjustable temperature con- 
—Prompt Deliy- 


trol to 225°F, Fan driven forced air 
circulation. Uniform temperature 
throughout. Plugs into any 110V wall 
outlet—no special wiring required. Can 
be used in a group or bank. 


Ovens made to 
your specifica- 
tions, 


ith venges. te 1000° av 
cialists in Heat frocess: ‘Equipment 
GRIEVE-HENDRY_ O. 
1356 N. ELSTON AVE., CHICAGO 22, ILL. 
CIRCLE 954 ON READER SERVICE CARD ; 


THE ORIGINAL 


DUROMETER 


Since 1915 the international standard for testing the hardness of 
rubber and rubber-like materials including plastics, both elasto- 
meric and semi-rigid. 


FEATURES 


@ Available in both quad-@ May be used on Opera-@ The Ourocalibrator 
rant style and round ting Stand “A" with or “B" is for field use in 
style. Conform to without DEAD WEIGHT calibrating and verify- 
ASTM 0676, 01484 to insure reproducible ing the accuracy of 
and 01706. readings. Shore Durometers. 


INSTRUMENT & MFG. CO., INC 


35 VAN WYCK EXPRESSWAY 
JAMAICA 35, NEW YORK 
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Pat. Pend., U.S., Canada 


@ Now with TENSILKUT, whatever 
your testing methods or materials, you 
can have perfect precision machined 
physical test specimens in less than 
two minutes. 
@ TENSILKUT precision machines all foil, film, sheet 
and plate metals . . . from .0005” foil to .500” plate. Hard 
.001 stainless steel foil to soft 42” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura- 
tions accurate to + .0005”. Machined edges are com- 
pletely free of cold working or heat distortion and 
require no hand finishing. 
@ TENSILKUT table and floor models are available with 
motors from 2 to 2% h.p. Write for free brochure. 


SIEBURG INDUSTRIES wweorporaten 


Danbury Industrial Park, Danbury, Connecticut 
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CONCRETE 
TESTER 


250,000 POUNDS CAPACITY FOR 
TESTING CONCRETE CUBES, BLOCKS, 
BEAMS AND CYLINDERS. 


SIMPLE TO OPERATE: Loads 
are quickly attained by easy 
hand operation. The applied 
loads are shown on a large 
diameter dial gauge. 

PRICE $580.00 F.O.B. CHICAGO 


WRITE TODAY FOR 
CT-710 BULLETIN 


4711 W. NORTH AVENUE + CHICAGO ge ste ILLINOIS 
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NEW LITERATURE 
(Continued from p. 155) 


chure also contains a wealth of brand new 
equipment never before listed. Featured, 
for example, is the Gordon-Misco multiple- 
cell electrophoresis apparatus with organic 
buffers. 

Will Corp. 6381 


MATERIALS 


Silicone Varnish—A new Class H 
varnish that cures at 150 C in just 6 hr 
has been announced. Designated Dow 
Corning 981 varnish, the new material is as 
easy to process as most Class A and Class B 
varnishes, thus eliminating the need for 
high-temperature curing ovens in pro- 
ducing Class H_ electrical equipment. 
Like the first low-temperature-curing 
silicone varnish, which was introduced 
by Dow Corning a year ago, the new 
dipping and impregnating varnish meets 
AIEE requirements for both 180 and 220 
C systems. 

Dow Corning Corp., Midland, Mich, 


Alloy Steels—Esco Corp. announces the 
release of a new catalog entitled Custom 
Alloy Steel Castings. This catalog con- 
tains technical data regarding heat-, 
corrosion-, and abrasion-resistant alloy 
steels. Charts listing nearly half of the 
more than 100 available cast alloys are 
included. The new catalog, No. 176 DS, 
will be of value especially to the process 
and manufacturing industries primarily 
interested in low- and high-alloy and 
stainless-steel castings. 

Esco Corp., Portland, Ore. 


Potting Compound—A new clear silicone 
potting and embedding compound that 
provides mechanical and dielectric pro- 
tection for electronic components and 
assemblies has been developed. Called 
LTV 602 (low temperature vulcanizing) 
clear silicone potting compound, it cures 
at 70 to 80 C to a flexible, resilient solid. 
LTV-602 provides excellent protection 
against shock, vibration, moisture, ozone, 
and corona and other environmental 
hazards of the space age. Unlike jelly- 
like potting compounds, the cured material 
is self-supporting and nonflowing, pro- 
viding for ease of handling as well as con- 
tinual exclusion of dust and other con- 
taminating particles. Components im- 
bedded in the material can, however, be 
readily identified, repaired, or replaced by 
removal of a section with a sharp instru- 
ment. New material poured into the cut- 
out section cures without leaving evidence 
of repair. 

General Electric Co., Silicone Products 

Dept., Waterford, N. Y. 


Plastic Film—A new, transparent, plas- 
tic, dry-film rust preventive developed by 
E. F. Houghton & Co. is unusually easy 
to remove, according to the manufacturer. 
Solvent or mild alkaline cleaners quickly 
remove the product, Rust Veto 342, from 
metal surfaces in long-term outdoor, indoor, 
or overseas exposure. A 23-month outdoor 
exposure test fully protected test samples 
from rust according to Houghton’s Re- 
search Laboratories. 

E. F. Houghton & Co., Philadelphia, Pa. 
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in fine parti- 
cle analysis! 


The 
COULTER COUNTER ® 
counts and sizes 
100,000 particles 
in 20 seconds 
byl! 


* reproducible 

* 1500 installations 

* range: .5 microns 
‘to 250 microns 

* from catsup to ores; : ; 
polymers to con- . 
taminants... 
whatever the ma- 
terial! 


Patented in U.S.A., Great Britain, bees 
France, Germany, Japan, 


Brazil and throughout the world. 
Trade Mark 


COULTER ELECTRONICS, INC. 
2525 North Sheffield Ave. 
Chicago 14, Illinois 


. ] Please send complete details about the 
Coulter Counter. 


Have your representative get in touch for a | 

(8 demonstration in our office. | 

| 


Firm 
Address. ...... PRONE, .cocnesces 
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GOVERNMENT STANDARDS CHANGES 


Tue Feperat Supply Service of the General Services 
Administration is charged with the responsibility for establishing 
specifications to be used by the Federal Government for Procure- 


ment of materials and supplies. 


The GSA issues an annual Index 


of Initiation of Federal Specifications Projects, and monthly sup- 


plements. 


Supplement 9 for November, 1960 


INITIATIONS 
Assigned 
Agency & 
Type of Symbol or FSC Preparing 
Title Action Number Class Activity 
identification Marking of 

Valves, Pipe Fittings, 

Flanges and Unions...... New Int. Fed. Std. DOD-Navy-Docks 

No. 00186 
Terms Used in Classification 

of Chemical and Chemical 

New No. 6810 DOD-Army-CE 
Tolerances for Aluminum 

Alloy and Magnesium Al- 

loy Wrought Products.... Rev. ee No. DOD-AFSSC 

24 
Cloth, Cotton, Awning... ... Rev. CCC-C-406b 8305 GSA-FSS 
Cloth, Cotton, Drill........ Rev. CCC-C-426a 8305 DOD-Army-QMC 
Cloth, Cotton, Sheeting, 

Laundry (Cover Cloth)... Rev. CCC-C-435a 8305 DOD-Army-QMC 
Concentrated Heavy - Duty 

Synthetic Detergent Liquid Rev. P-2-7 6850 GSA-FSS 
Conduit, Electrical, Steel, 

Rigid, Enameled......... Rev. WW-C-571b 5975 DOD-Army-CE 
Conduit, Electrical, Steel, 

Rigid, Zinc-Coated....... Rev. WW-C-581d 5975 DOD-Army-CE 
Conduit, Steel, Flexible.... Rev. WW-C-566b 5975 DOD-Army-CE 
Cushion (Underlay) Rubber 

Coated Jute and Animal 

Hair or Fiber, Carpet and 

Rev. DDD-1-33 7220 GSA-FSS 

Pur. Des 
Enamel, Alkyd Gloss (for 
Exterior and Interior Sur- 
TT-E-489¢ 8010 GSA-FSS 
Am.1 
Am. 
Fabric, Nonwoven. ........ Int. CCC-F-46 7920 GSA-FSS 
Am. 


complete line of 
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Gurley paper testers. 


SECONDS to Test Stiffness 
of Paper and Paper Board 


That’s all it takes to measure samples up to 
0.25" thick with the motorized Gurley 
Stiffness Tester. It easily handles tissue, 
newsprint, book, bonds, ledgers, industrial 
papers, cardboard, carton stocks; and 
permits a wide range of readings 
from 1 to 3,358,720. 


Precision strip cutter also 
available. Write for 
Bulletin 1400, describing 


W. & L.E. Gurley, 536 Fulton Street, Troy, N.Y. 


Special precision weights 


by Troemner 
from 0.65 mg (.01 grain) to 115 kg (250 Ib) 


e Adjusted to National Bureau of Standards 
specifications for Classes S, S-1, P, Q, C, and T. 
e Made to your specifications as to material 
(brass, stainless steel, tantalum, etc.), shape, 
size, finish (plating in nickel, chromium, cad- 
mium; brass lacquer; anodized aluminum). 

e Metric, avoirdupois, troy (apothecary) 
systems. 

e Send for complete information, including 
catalog of standard Troemner weights. 


= 


Al 


Henry Troemner, Inc. (3 
22nd & Master Sts., Phila. 21, Pa. 
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KLETT mape 


Colorimeters 
Visual 
Photo-Electric 
Special Types For Testing 


Colors Petroleum Products 


Glass Color Standards 
Glass Cells 
Fluorimeter 


Nephelometer 


KLETT MANUFACTURING COMPANY 


Manufacturers of Scientific Instruments 


179 E. 87th Street New York 28, N. Y. 
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THE PERKINS 
HYDROSTATIC PRESSURE FESTER 


For water penetration tests on water proofed 
fabrics. Tests either flat cloth or seams. 

Also tests bursting strength of plastic films. 
Available with hand or motor drive. 


Write today for full information — 


‘'B. F. PERKINS & SON, INC. 


TESTER DIVISION BOx 388 
HOLYOKE, MASSACHUSETTS | 
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PIONEERS IN CHEMISTRY 


DELTA CHEMICAL WORKS. Inc. 
23 West 60th St. New York 23, N. Y. Plaza 7-6317 


CIRCLE 962 ON READER SERVICE CARD 


February 1961 


INTERIM FEDERAL SPECIFICATIONS ISSUED 


Type of 


Symbol or 
Action 


Title Number 


Cushioning Material, Polystyrene, Expanded, Resilient 
and Flexible (for Packaging Uses) le PPP-C-00850(GSA-FSS) 
Ink, Duplicating Machine Stencil, Paste. . tbe TT-1-00535(GSA-FSS) 
Ink, Writing, for Fountain and Dip Pens TT-1-00563d(GSA-FSS) 
Insulation Block, Pipe Covering and Cement, eet, 
Calcium Silicate (for Temperatures up to 1200 F). . HH-1-523a(GSA-FSS) 
MM-L-00751f(GSA-FSS) 
) 


Lumber and Timber, Softwood 
TT-P-00320(GSA-FSS 
GG-T-00321b(Navy-Ships) 
SS-W-00110a(GSA-FSS) 
SS-W-00110a(GSA-FSS) 


SPECIFICATIONS AND STANDARDS APPROVED FOR PRINTING 


Soap, Toilet (Floating White) 

Adhesive, Animal-Glue 

Aluminum Alloy Bars, Rods, and Wire, Rolled 

Bags, Cotton, Mailing 

Bags, Mailing, (Cotton) 

Boxes, Set-Up, Paperboard 

Building Board, Asbestos-Cement, Corruga 

Cement, Natural (for Use as a Blend with Cement). . 

Cement, Portland-Pozzolan 

Cement, Slag 

Conduit and Fittings, Nonmetal, Rigid (Asbestos-Cement or Fire- 
Clay Cement) (for Electrical Purposes) 

Cushioning Material, Cellulosic 

Drums, Steel, Type 5 (for inflammable or Poisonous Liquids). . 

Drums, Steel, Type 6C (for inflammable Solids and Oxidizing 
Materials) RR-D-741 

Kegs, Wood, Slack x b NN-K-231d 

Tool Steel, High-Speed. a -T-590 

Wire, Measuring, Gear, Thread, and General-Purpose. . G-W-366a 

Zinc, Sheet and Strip QQ-Z-301b 


Fed. Std. No. 10c 


$$-C- 218a 


W-C-571b 
PPP-C-843a 
RR-D-726 


ALL AMERICAN TOOL AND _ 
ATLAS ELECTRIC DEVICES (€ 
BRABENDER INSTRUMENTS, 
BUEHLER LTD. 


CENTRAL SCIENTIFIC 
COULTER ELEC TRONIC 8, INC 


DELTA CHEMICAL INC.. 
DILLON & CO., INC., W. C. 


EASTMAN KODAK CO.. 


FECKER, J. W. 
DIVISION OF 
FISHER SCIE NTI 
FORNEY’S INC 


AME AN OPTICAL CO, 
FIC 


TE RADIO CC 
4 “MAC MOLD: ‘INC. 
eR CO., EMLL. 
-HE ENDRY C "CO. ‘INC.. 
EY, 


HELLER CO., GERAL K. 
HIGH VOLTAGE E 
HOGGSON & PET TIS. MFG. 
HUNTER SPRING C 
A DIVISION OF AMERICAN MACHINE AND 
METALS, INC 


INSTRON ENGINEERING CORP. 
INSTRUMENTS FOR RESEARCH AND INDUSTRY. 


JARRELL-ASH CO. 
KLETT 


MFG. CO... 
LACLEDE 
METTLER INSTRUMENT CORP.... 


OLSEN 
OZONE 


STEEL CO. 


TESTING MACHINE CO., TINIUS 
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the trend i is fo UNI I RON Microscopes 


BINOCULAR 
PHASE- 
CAMERA- 
‘> MICROSCOPE 
BINOCULAR BU-13 $1580 


PHASE CONTRAST 


POLARIZING BMPE $490 
MICROSCOPE \ 
$269. 


Polaroid Land Camera 
Attachment 
$15 


STUDENT AUTO-ILLUMINATION 


BINOCULAR 
MICROSCOPE 


AUTO-ILLUMINATION 
BMLU $425 


STEREOSCOPIC 
MICROSCOPE 
MSHL $267 


LABORATORY 
MICROSCOPE 


scopes & for | 
Mlystrated | is a partial selection fo 


INSTRUMENT 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 


Please rush UNITRON's Microscope Catalog 3-1 


Name 


hie include basic optics . ‘ 
ven instrument performance, we the reasons why 


HE TREND IS TO UNITRON! 


a) _ Noted for optical quality ... advanced optical a | ae 


MOTOR SPEED CONTROL 


for Critical Operations 


Smoothly Positions 
Massive Three-Ton 
‘Planetarium Projector 


MOTOR SPEED CONTROLS 
combine excellent starting characteristics and good regulation 
of d-c shunt- and compound-wound motors with the convenience 
of a-c operation. 

¢ Allow motors to deliver full torque at all speeds — rated to stalling 

¢ Smooth operation — no motor chatter or pulsation at any speed 

¢ Fast stop-start-reverse under any load 

¢ Instant warm up, rugged, and reliable 


Ten models . . . from 1/15 hp to 3/4 hp. . . available in cabinet 
mounting or basic version for original equipment manufacturers .. . 
prices range from $72 to $255. . . quantity discounts available. 


Write For Complete Information 
WEST CONCORD, MASSACHUSETTS 


GENERAL RADIO COMPANY | 


NEW YORK, WOrth 4.2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES IN 
NEW JERSEY, Ridgefield, WHitn: 314 Oak Park Abington Silver Spring Los Altos Los Angeles ‘oronto 
imey 33140 89400  HAncock 4.7419 -JUniper $1088  WHitecliff HOllywood 9-6201 CHerry 6-2171 


FOR FURTHER INFORMATION CIRCLE 964 ON READER SERVICE CARD 
<——FOR FURTHER INFORMATION CIRCLE 963 ON READER SERVICE CARD 
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Set any of 12 built-in test ranges, 


any speed, in 5 seconds or less 


. . and you’re ready to test any material from a 
strand of synthetic fiber to glass laminate 
from fragile foil to titanium strip. 

Any of 12 built-in, precalibrated range ‘capac- 
ities—3 lbs. to 12,000 lbs.—is yours in an instant 
with the XY Elec®matic UTM. Range can be 
changed at any time under load. Zero position is 
constant for all ranges. Testing speeds are infinitely 
variable with no gear-changing, and are positive 
under load. All controls are at your fingertips for 
split-second selection. 


TINIUS. 


With the Olsen method, you get authentic, 
reproducible results regardless of specimen length 
or strain rate. Data is most significant, because 
actual strain in inches per inch—not assumed strain 
per unit of time—is plotted on the built-in XY 
Strip Chart Recorder. 

Details on the XY Elec®matic—another years- 
ahead testing development from Tinius Olsen— 
are yours for the asking. Write today for a copy of 
“Are Your Test Results Accurate?”’ Tinius Olsen 
Testing Machine Company. 


OLSEN 


2020 Easton Rd. 
Willow Grove, Pa. 


FOR FURTHER INFORMATION CIRCLE 965 ON READER SERVICE CARD 
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